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STUDIES OF FRICTION CRACKS ALONG 
SHORES OF CIRRUS LAKE AND 
KASAKOKWOG LAKE, ONTARIO 


A. DREIMANIS 


ABSTRACT. In the area studied, friction cracks do nvt invariably dip 
toward the direction of ice movement. This is contrary to the findings of 
most writers on this subject. Most of the cracks measured dip in the 
direction of the convex face. This means that the majority of crescentic 
fractures dip against the direction of the ice flow. 

Schistosity influences the dip of friction cracks but is only partly 
responsible. 


The dip of crescentic fractures, against the direction of ice flow, may 
have been caused by the steeply descending ice flow into lake depressions. 


INTRODUCTION 


I N June 1951 the writer conducted a survey of an ore boulder 
train in Quetico Park, Ontario, and the adjacent area to 
the north (fig. 1). Because features of a boulder train depend 
upon the ice flow, observations of ice flow direction were made. 
Friction cracks were found only toward the end of the first 
week of field work. At that time, all the field evidence indicated 
that the ice movement was from north to south or northeast to 
southwest." 

The first friction cracks were found on a smooth surface of 
coarse Archean granite and granite-gneiss along the north shore 
of Cirrus Lake (fig. la, locations 1 and 2). Their surface pat- 
tern and appearance corresponded to Lahee’s description of 
crescentic fractures (1912, p. 42-43), their horns pointing in 
the direction of ice movement. These crescentic fractures were 
found to dip steeply, both with and against the direction of ice 


1 After the completion of the study it was clear that at least two general 
ice movements existed in this area: an older one from N30°E and a later 
one from N5°E (fig. 4). Two directions of striae are also seen on Antevs’ 
map (1951, p. 1226), which was published while this paper was in prepara- 
tion. These are from N55°E and N10°E, as measured on his map. 
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flow. Some of them were vertical. This is contrary to the observa- 
tions of Lahee on crescentic fractures and the general conclu- 
sions of Harris (1943, p. 244) that all friction cracks dip in 
the direction of ice motion. 

Similar observations were gathered from a granite exposure 
on the north shore of Kasakokwog Lake (fig. la, location 3). 


a 
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Fig. 1. Location of the area studied. Map (a) is an enlargement of 
the shaded area in (b) southwest of Atikokan. Numbers 1-4 are the loca- 
tions of friction cracks. 


More friction cracks were found at location 4 (fig. la). An 
extensive study was made of them in order to determine: 

(a) whether the observed irregularities of dip were influenced 
by rock textures ; 

(b) whether the direction of ice flow, which formed the fric- 
tion cracks dipping northeast and north, had actually been from 
the southwest. 

Drawings and photographs were made of most of the expo- 
sures. Dips of friction cracks were measured with a clinometer 
(by inserting a knife blade or a strip of paper in the fracture 
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where possible). Where two fracture surfaces existed care was 
taken to measure only the principal dips (p, fig. 2). 

Dips of fractures, schistosity, and the rock surface were 
measured with respect to the horizontal. The values in figures 
5 and 6 represent some of these measurements. As later discus- 
sion requires the actual angle between the rock surface and the 
fractures or schistosity, table 1 gives values recalculated to 


ereScentic 
fract ure 


Fig. 2. Plan view (a) and vertical section (b) along the arrow, of a 
crescentic gouge and of crescentic fractures in rock: p- principal frac- 
ture; s-secondary fracture; the arrow -ice-flow direction. (c) shows the 
relationship between a crescentic gouge and a crescentic fracture as 


assumed by Ljungner (1930, p. 290); the arrow in (c) is the direction 
of the applied force. 


LITHOLOGY 


At the principal location 4 (fig. la) the exposed rock is a 
weathered coarse Archean granite-gneiss. The strike of schistos- 
ity is N59°E to N88°E which forms an angle of between 
55° and 86° with the direction of the flow of ice. The dip of 
schistosity is nearly vertical, actual values being between 78° 
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and 88°N. Similar granite-gneiss was observed at locations 
1 and 2. Coarse granite without schistosity is exposed at 
location 3. 


SLOPE OF ROCK SURFACE 


Most of the bedrock surfaces in locations 3 and 4 on which 
the friction cracks were found have a characteristic form: the 
surface slopes up gently (4°-16°) in the direction of ice move- 
ment and then drops steeply or in a series of steps on the 
leeward side (fig. 3). 

Friction cracks were found in greatest abundance near the 
crest, on the stoss sides of the rock ledges (fig. 3f). 

There are a few exemptions to the general rule. Thus the 
east side of location 4 (figs. 5 and 6) slopes gently at 
about 4° in the direction of ice flow. The southwest-sloping sur- 
face is actually a flat ledge bordered by a high rocky ridge on 
its northeast side, and a deep lake depression on the southwest 


. 


Fig. 3. Section in the direction of ice movement through a typical 
exposure of friction cracks (f). 


side. Striae and the rounded rock surface indicate that the ice 
moved down from the high ridge, across the ledge, into the lake 
depression. Thus the ledge exerted resistance to the downward 
movement of the ice. 

A similar situation occurs at location 1. 

Location 2 is in the lake depression, but on a low ridge that 
was transverse to the direction of ice flow and thus acted as an 
obstacle. Here, however, the friction cracks were found on the 
leeward side. 

In summary, observations show that most friction cracks in 
the Cirrus Lake and Kasakokwog Lake depressions are on the 
stoss side of bedrock bosses and near their crests. Location 2 is 
an exception. These observations confirm similar statements by 
Lahee (1912, p. 42-44), Ljungner (1930, p. 288), Harris 
(1943, p. 253-254), Okko (1950, p. 49), and others. 


Fae Sug, 
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TYPES AND ARRANGEMENTS OF FRICTION CRACKS 


Most of the cracks studied are arranged in series or sets, 
parallel to striae and grooves, with their fractures across the 
direction of ice flow (figs. 5 and 6, and plate 1). The widths 
of the fractures vary from 1-30 cm. from horn to horn. The 
length of the series is usually several times the width of individ- 
ual fractures, except for some crescentic gouges (see the north- 
east quarter of figure 5). 

Two-thirds of the friction cracks are crescentic fractures; a 
smaller number are crescentic gouges; and a few chattermarks 
(see Harris, 1943, p. 245-249 for descriptions of these terms). 
Ljungner also states from his observations in Sweden (1930, 
p. 288) that the crescentic fractures (Parabelrisse) are more 
common than crescentic gouges (Sichelrisse). 


8 b 2p 


NUMBER OF MEASUREMENTS 


Fig. 4. Summary of the trends of such indications of ice-flow directions 
as striae, grooves, long axes of roches moutonnées and fabric analyses of 


tills in the area between Quetico Lake and Atikokan. The latest direction 
is shaded black. 
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CRESCENTIC FRACTURES 


Most of the crescentic fractures in this area have the typical 
surface pattern and arrangement described by other authors: 
Gilbert (1906, p. 304), Lahee (1912, p. 42-43), Harris (1943, 
p. 249) and Ljungner (1930, p. 286). They are more hyperbolic 
than true crescentic and occur in long series with their horns 
pointing toward the direction of ice flow. Striae and shallow 
grooves are abundant along the axes of the sets of crescentic 
fractures. 

As rock surfaces are weathered, it is difficult to determine in 
some cases whether a rock fragment had been chipped off along 
the fracture or was merely weathered out, but in the majority 
of crescentic fractures indication of chipping off along the frac- 
ture was not seen. 

The majority of the crescentic fractures studied dip steeply, 
forming an angle of 60°-70° or even 80°-90° with the rock 
surface. 

Contrary to the observations of Harris (1943, p. 249) and 
Okko (1950, p. 48-49), most of the Cirrus and Kasakokwog 
Lake crescentic fractures do not dip forward, but backward 


(fig. 7, d-f). 


CRESCENTIC GOUGES 


Crescentic gouges were found in the same exposures as the 
crescentic fractures, but most often along the latest, i.e., north- 
south direction of ice flow. These sets, measured along the ice 
flow direction, are usually shorter than those of crescentic 
fractures. The relatively long sets have a shallow groove along 
the axis. Some smaller sets (e.g. those in the northwest part of 
figure 5) have either a deep rugged groove (Chamberlin’s 
“jagged groove”), chattermarks, or a single hole up to 0.5 
em. deep on the stoss side of the set. These short sets seem to 
be formed by the sudden impact of a boulder, while the longer 
sets appear to be caused by the dragging of boulders along the 
rock surface. 

Though all authors (Gilbert, 1906, p. 305, Harris, 1943, p. 
234, etc.) describe the principal dip angle of crescentic gouges 
as gentle or low, measurements by the writer gave relatively 
high figures, i.e., angles of 50°-70° with the rock surface. The 
secondary fractures of crescentic gouges are nearly vertical. 
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Fig. 5. Exposure 11 of friction cracks. Symbols the same as on figure 6. 


The principal fracture of most of the observed gouges dips in 
the direction of the ice flow, in accordance with the observations 


of other authors. 
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DIP OF FRICTION CRACKS 


Friction crack studies by Harris (1943) and Okko (1950) 
indicate in all cases that “the fracture .... dips forward in 
the direction of the ice movement and hence may be a usable 
criterion in determining the direction of ice movement” (Harris, 
p. 244). Lahee (1912, p. 43) arrived at the same conclusion in 
regard to crescentic fractures. Gilbert’s (1906) and Ljungner’s 
(1903, p. 287) descriptions also confirm that at least crescentic 
gouges follow this rule. 

Some controversy exists regarding the crescentic fractures 
(or cracks). Thus Gilbert (1912, p. 304) writes that they are 
vertical. Ljungner (1930, p. 285) states that their angle is 
near the vertical. 

A great many of the friction cracks described in this paper 
(mostly crescentic fractures) do not follow the Harris rule; 
they do not dip toward the ice flow direction. 

Diagrams (d), (e), and (f) of figure 7 show dips of these 
“abnormal” crescentic fractures. Only a relatively small number 
of them dip in the ice flow direction. Those were found in expo- 
sures where the schistosity dipped in the same direction (7e) 
or was not present at all (7f). 


Crescentic gouges follow Harris’ rule better (fig. 7, a-c). 
However, in one case (a), where schistosity dipped at 62°-69° 
against the ice flow direction, 55 per cent of the measured frac- 
tures also dip against the ice flow, at angles a little steeper than 
the schistosity (fig. 7a). 

The writer searched for some relationship between the 
direction of dip and the curvature of friction cracks. Most 
measured fractures (131 out of 169 or 78 per cent) were found 
to dip toward the convex side. The same percentage existed 
among both types of friction cracks. 

The majority of the friction cracks were found in gneiss, with 
the schistosity transverse to the ice flow direction, the remainder 
being in granite having no schistosity. Comparison of friction 
cracks in both types of rocks gave an opportunity to examine 
whether their dips were influenced by schistosity. 

Crescentic fractures in locations numbered 1 and 3 (fig. 
7f) were in granite, and their dip angles could not be influenced 
by schistosity. Nevertheless, most of the fractures cf location 
3 or exposure 13 dipped at 69° in a direction contrary to that 
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Fig. 6. Exposure 12. Symbols: a-direction of glacial striae 
b - schistosity. 


of the ice flow. About one-third dipped with the direction of 
flow or were perpendicular to the rock surface. 

The rock on which all other exposures occur is gneiss in which 
the schistosity dips steeply either in the direction of ice flow or 
contrary to it. Diagrams 7a, 7d, and Te show the formation of 
the friction cracks to be influenced by schistosity. In exposures 
8 and 9 (figure 7a) 55 per cent of the crescentic gouges, which 
would normally dip south-southwest, are diverted by schistosity 
toward the north-northeast and dip parallel to the schistosity 
against the direction of ice flow. In exposure 11, 40 per cent of 
crescentic fractures dip parallel to the schistosity (fig. Te) ; 
most of the crescentic fractures still dip against the ice flow, even 
if schistosity is in the opposite direction. 
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Lahee (1912, p. 43) observed that the angle of crescentic 
fractures is from 60°-80°, Diagram 7d shows that the schistos- 
ity, dipping at 62°-69°, has apparently decreased the dip of 
crescentic fractures (compare with figures Te and 7f). 

Schistosity seems to increase the dip of crescentic gouges 
(fig. 7b). 

Some friction cracks have changed their dip angle from one 
horn to the other (fig. 6). For example, one of them was found 
to dip at 69° southeast on the east side and 30° northeast on 
the west side. As the 30° dip coincides approximately with the 
apparent dip of schistosity, it may have been caused by it. 

Summing up the evidence of all the dip measurements along 
Cirrus and Kasakokwog Lakes the following two conclusions 
would be justified: 


(a) More than three-quarters of all friction cracks tend to 
dip towards the convex side of the fracture. 


(b) Schistosity influences the dip angle and its direction in 
many cases. 


The first of these is at variance with Harris’ theory (1943, p. 


258) that all friction cracks dip forward in the direction of ice 
movement. The crescentic gouges follow the theory, but not 
the majority of the crescentic fractures. 

It has already been mentioned that the rock surfaces where 
measurements were made were weathered, and many of the 
assumed crescentic fractures showed a slightly open fracture. 
Keeping in mind that the “abnormal” crescentic fractures could 
actually be crescentic gouges formed by ice flow from the south- 
southwest direction, all other evidence gathered indicated that 
the ice flow direction was from the north or northeast only. 
These evidences included the smoother and more striated north- 
eastern sides of rock bosses, forms of roches moutonnées, and 
distribution of ore boulders. Unless positive evidence is found 
for an ice flow from the south or southwest direction, Harris’ 
theory concerning the dip of friction cracks would not apply 
to the area here described. 

Ljungner’s observations on the nearly vertical dip of cres- 
centic fractures (1930, p. 285) and Gilbert’s note (1906, p. 
304) stating that crescentic cracks are vertical indicate that 
this type of friction crack is not very reliable for determina- 
tion of ice flow direction. 
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2 


Fig. 7. Diagrams showing dip of friction cracks and schistosity related 
to the rock surface: 


(a) -crescentic gouges in exposures 8 and 9. 

(b) -crescentic gouges in exposures 11 and 12. 

(c) -crescentic gouges in the exposure 10. 

(d) -crescentic fractures in exposures 5, 6, 8, and 9. 
(e) -crescentic fractures in exposure 11. 

(f) - crescentic fractures in the exposure 13. 


Dotted and dashed lines - schistosity 
Arrows - ice-flow direction. 
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FORMATION OF FRICTION CRACKS 


The theory of the formation of friction cracks may be found 
in the following papers: Gilbert (1906, p. 305-313), Lahee 
(1912, p. 43-44), Ljungner (1930, p. 289-290), Harris 
(1943, p. 246-252). As a result of experiment as well as 
observation, Gilbert, Lahee, and Harris indicate that all friction 
cracks of glaciated surfaces should dip forward in the direc- 
tion of ice flow. 

Ljungner assumes that Gilbert’s conoid of percussion could 
give a valid explanation for the two most common types of 
friction cracks, namely, crescentic gouges and crescentic frac- 
tures. If the conoid of percussion is placed obliquely (fig. 2c), 
both types of friction cracks may develop with crescentic gouges 
on the left side and crescentic fractures on the right side of the 
drawing.” Their dip angle would vary depending upon the direc- 
tion of the applied force. If Ljungner’s theory is correct, the 
backward dip of crescentic fractures would thus be explained. 

All the friction cracks of Cirrus and Kasakokwog Lakes were 
found along the north sides of deep valleys, bordered by high 
rock ridges on the side from which the ice came. Thus the ice 
flow was not horizontal in the places where the friction cracks 
were formed, but it descended at a relatively steep angle. This 
may explain the steepness of the axis of the cone of percussion, 
the resulting steeper angle of crescentic gouges than usual, 
and the reversal in dip of the crescentic fractures. 


CONCLUSION 


Studies of friction cracks along Cirrus and Kasakokwog 
Lakes, Ontario have indicated that the dip of friction cracks is 
not always forward in the direction of ice flow, as assumed by 
several workers. Most friction cracks of the area studied dip 
in the direction of their convexity. Thus crescentic fractures 
tend to dip more against the ice flow than with it. Schistosity 
of the rocks has also influenced the dip of the friction cracks, 
even causing some of them to reverse their dip. 

If Ljungner’s (1930) application of Gilbert’s (1906) cone 
of percussion is correct, the observed divergence in the direction 


2 As the writer did not have the opportunity to see vertical sections 
across crescentic fractures in the field, he could not check whether the 
crescentic fractures were curved as shown on figure 2c. 
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of dip of crescentic gouges and fractures can be explained by 
steeply descending ice movement. 

The main purpose of this paper has been not to present a 
theoretical discussion on the formation of friction cracks but 
to stimulate further studies of them and their characteristics in 
determining ice flow direction. Drawings of some exposures 
studied, as well as other field data, are included with this paper 
in order to enable others to use them for comparison with their 
own field data. 
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APPENDIX 


After this paper had been sent for publication, the author’s 
attention was drawn in a note by MacClintock (1953, p. 186) 
to an article of F. W. Preston (1921) dealing with tooling of 
glass. Preston has produced typical crescentic fractures (called 
chatter flews by him) by scoring the glass surface with a 
needle or a ball which did not rotate (p. 142-143). A vertical 
section through the glass (Preston, 1921, fig. 3) shows that 
the fractures start down vertically and then bend backwards. 
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The vertical curvature of crescentic fractures, produced by 
Preston in glass, is therefore opposite to that assumed by 
Ljungner (see fig. 2c). 

Preston has also produced fractures similar to crescentic 
gouges by pressing a rolling ball against the glass surface (p. 
143-144). Their dip is irregular, but generally forward. 

The results of Preston’s experiments do not support Ljung- 
ner’s hypothesis of the formation of friction cracks. They do 
confirm the author’s findings in the Cirrus and Kasakokwog 
Lakes area that friction cracks tend to dip in the direction of 
their convexity. 


Univearsrry oF WesTeERN ONTARIO 
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THE CHEMICAL ANALYSIS OF AN EUXE- 
NITE FOR AGE DETERMINATION 


ROBERT W. YOUNG* AND O. B. MUENCH7 


ABSTRACT. An euxenite from New Mexico was analyzed for lead, thori- 
.um, and uranium, and some other constituents (methods of analysis are 
discussed). The analysis indicates a preliminary absolute age of 1030 
million years, but in the absence of an isotopic analysis of the lead, 
this age remains uncertain. 


. gree analyses for age have been made at different 
times in the past on material from the Willow Creek, New 
Mexico neighborhood. The minerals found in this region with 
suitable specimens for an age determination are monazite, 
euxenite, and samarskite. 

The euxenite specimens for this determination were supplied 
by Mr. Leon Guy of Las Vegas, New Mexico. This euxenite 
was found at Bull Creek, near Pecos, New Mexico. The speci- 
men used for analysis appeared fresh, with a shiny black 
coat and showed very little weathering. It was a simple process 
to remove the weathered portion from the rest. An autoradio- 
graph on a flat ground surface showed this mineral to be 
very uniform in radioactive content. Several autoradiographs 
were also made on different sections of the same specimen 
and all indicated uniformity. The sample was crushed in a 
clean diamond steel mortar and taken through an 80 mesh 
sieve. 

OUTLINE OF THE METHOD OF ANALYSIS 


The J. Lawrence Smith method for the analysis of samarskite 
as given by Wells (1928, p. 1017) formed the basis for the 
euxenite analysis. The method was considerably modified for 
this particular analysis. 

The powdered mineral, treated with hydrofluoric acid and 
a few drops of nitric acid in a platinum dish, was heated for 
several hours on a hot plate at about the temperature of a 
water bath. This method of decomposition and oxidation made 
a rather sharp separation in the components of the mineral. 

* Portions of this work were taken from a dissertation submitted by 
Robert W. Young to the Graduate School of New Mexico Highlands 


University in partial fulfillment of the requirements for the M.A. degree. 
t Deceased. 
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The residue of fluorides contained lead, calcium, magnesium, 
thorium and the rare earths. All fluoride operations such as 
filtrations were conducted in platinum or bakelite apparatus. 
Since the uranium was oxidized, all of it was found in the 
solution. Wells (1928) in his analysis of a samarskite shows 
by several determinations how complete the separation is. With 
slight modifications and careful recoveries it adapted itself very 
well to this analysis for age. 


DETERMINATION OF THE LEAD 


In this work, the lead was found in the insoluble portion; 
nevertheless, the other part was carefully tested to recover 
any lead that might possibly be in it. Very little, so small 
an amount as to be considered negligible for ordinary quantita- 
tive work, was found. An outline of the essential steps in the 
analysis is given here. 

The insoluble fluorides were treated by strong fuming with 
concentrated sulfuric acid until all were converted to sulfates. 
Filtration and careful washing with 1-10 sulfuric acid left 
all but a trace of the lead sulfates together. Due to a slight 
solubility of lead sulfate, and possibly to a greater extent 
to the other substances in solution, recoveries were made on all 
filtrates and wash waters by treatment with hydrogen sulfide. 
These were converted to sulfates and all the sulfates dissolved 
in pure ammonium acetate and reprecipitated as sulfides and 
finally converted to sulfates in a platinum crucible. Snow white 
lead sulfate resulted and was weighed as such. Solution in 
ammonium acetate left no residue, and a repetition of the 
process gave consistent results. 


DETERMINATION OF THE URANIUM 


A separate one-gram sample was decomposed with hydro- 
fluoric acid to which a little nitric acid was added. The uranium 
was found in the soluble portion. In one of the determina- 
tions, the insoluble portion was also tested but no uranium 
found. The soluble or liquid portion was converted to sulfates 
by careful evaporation and fuming with sulfuric acid. From 
these diluted sulfates, the titanium, tantalum, and niobium 
were separated by use of two well-known procedures. On some 
of the samples the hydrolysis of these elements with sulfur 
dioxide was used, and on others, the salicylic acid method of 
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Hillebrand and Lundell (1929, p. 476). Triple precipitation was 
employed, leaving the uranium in the filtrate. The filtrate was 
treated repeatedly with hydrogen sulfide to remove any of the 
hydrogen sulfide group of metals such as platinum, tin and lead. 

Beryllium was next removed by the hydroxylamine hydro- 
chloride method. The solution was then made ammoniacal and 
ammonium carbonate solution added. The uranium remains in 
solution. Ammonium sulfide was added to precipitate the iron. 
After filtration, this process was repeated. 

The solution was carefully acidified with nitric acid and 
heated to remove any remaining carbon dioxide. A slight excess 
of am .onium hydroxide was added, the precipitate filtered and 
weighed as U,O,. The U,O, was tested for impurities and 
corrections made if necessary. 


DETERMINATION OF THE THORIUM 


After the removal of the lead as a sulfide, thorium and the 
rare earths were precipitated as hydroxides with ammonium 
hydroxide. They were dissolved in nitric acid and the process 
repeated three times. The hydroxide precipitate was transferred 
to a platinum dish and treated with dilute hydrofluoric acid. 
After cooling, it was filtered. The precipitate and paper were 
again transferred to the dish and ignited. After several fum- 
ings with sulfuric acid, and cooling, the solution was diluted 
and made ammoniacal with ammonium hydroxide, filtered and 
washed. The precipitate was dissolved in nitric acid, and in 
a beaker carefully taken to dryness several times. The residue 
was taken up with a 10 per cent solution of ammonium nitrate 
and precipitated in this nearly neutral solution, with an excess 
of hydrogen peroxide. The precipitate was filtered and washed 
with a hot solution of 2 per cent ammonium nitrate. The 
filtrate contained the rare earths. 

The precipitate was dissolved in hydrochloric acid and taken 
to dryness. Then it was again taken up with dilute hydro- 
chloric acid and the thorium precipitated with a solution of 
oxalic acid. The thorium oxalate was ignited to ThO,. 


RESULTS OF THE CHEMICAL ANALYSIS 


I. Lead 
Wt. of Sample Wt. Lead Sulfate % Lead 


4.2735 0.0475, 0.759 
4.0796 0.0473 0.792 
Per cent lead, 0.775 + 0.017 
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A sample of another portion of euxenite from the same general 
region yielded on analysis 1.005 per cent Pb. 


II. Uranium 


Wt. of Sample Wt. U,O, 


% U,O, % Uranium 


0.2012 4.776 4.050 
0.1996 4.671 3.961 


Per cent uranium, 4.010 + 0.050 
III. Thorium 


Wt. of Sample 


Wt. Tho, % ThO, % Thorium 


1.4955 0.0524 
1.4579 0.0499 
1.4372 0.0496 


Per cent thorium, 3.040 + 0.039 


A few of the other constituents were also determined and are 
given as a matter of record: 


Rare earths as oxides 


Nb, Ta, and Ti, as oxides 
Loss at 110° for 1 hr. 
Loss on ignition 


The isotopic composition of the lead was not determined. 
The lead recovered from the analytical determinations was 
accidently contaminated in this laboratory before it could be 
sent away to have the isotopic composition determined. It was 
thought advisable nevertheless to publish these results as a 
matter of record. 

In the absence of isotopic analysis of the lead, it is realized 
that any age calculation from the chemical analysis alone is 
uncertain, It may be of interest to note that from these results 
the lead-uranium ratio is 0.152, corresponding to an age of 
1030 million years (by Wickman’s table, 1944). Probably this 
value is high. A monazite from this region gave an age deter- 
mination of 770 million years (Muench, 1950a, b}, and another 
in the general region but farther away gave a determination 
of 858 million years (Muench, 1938)—although Wells in 1928 
reported an age of 1040 million years on a samarskite analysis 
from the same area, 


. 
4.2730 
3.504 3.079 
> 3.423 3.009 
& 3.451 3.033 
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The authors are grateful to the “Research Corporation” 
which furnished part of the instruments and materials for 
several previous research projects. The instruments and some 
of the materials were still available and were used in this work. 


SUMMARY 


An analysis of the mineral euxenite from the Bull Creek 
Region, near Pecos, New Mexico, shows: 0.775 + 0.017 per 
cent lead, 4.010 + 0.050 per cent uranium, and 3.040 + 0.039 
per cent thorium. Several other constituents of the mineral 
were also determined. An accurate age calculation cannot be 
made due to the fact that the lead intended for isotopic analysis 
was lost. 
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THE CHIWAUKUM GRABEN, A MAJOR 
STRUCTURE OF CENTRAL WASHINGTON 


CLIFFORD L. WILLIS 


ABSTRACT. Chiwaukum graben is one of the major structural features 
of central Washington. It is on the east slope of the Cascade Mountains 
and northwest of the big bend in the Columbia River where the latter is 
confluent with the Wenatchee River. The graben (early Tertiary), which 
bears N 30° W, transects the structures bearing N 60° to 80° W displayed 
by the foliation of the crystalline schists of the basement complex. Both 
of these earlier structures are superposed on the broad, north-south-trend- 
ing warp of the late Tertiary Cascade Uplift. 

The mountains bordering the graben are not anticlinal mountains as 
generally considered, but are fault-block mountains, and the folds displayed 
by the strata of the Swauk formation within the graben are genetically 
related to the faulting and shearing of the basement complex which pro- 
duced the graben. 


INTRODUCTION 


OCATION.—The Chiwaukum graben is near the geo- 

graphical center of the State of Washington. It lies be- 
tween the Entiat Mountains on the east and the main body of the 
Cascade Mountains on the west (fig. 1). 

Accessibility——Much of the area is readily accessible by 
highways and secondary roads from Wenatchee, Cashmere and 
Leavenworth, the three major cities in the area under 
consideration. 

Purpose and scope of paper.—The purpose of this paper is 
to call attention to one of the major structures, the Chiwaukum 
graben, in central Washington. With this purpose in mind, 
emphasis is placed on structure. The petrology and petrography 
of the Basement Complex and Swauk formation will be covered 
in future papers. 

Field work.—Field work was undertaken by the author during 
the summers of 1947, 1948, and 1949, and by students of the 
University of Washington and Washington State College 
Geology Field Course under the direction of the author and 
Dr. John C. Mickelson during the summer of 1951. The area 
mapped and its relationship to previously mapped areas are 
illustrated in figure 1. 

Methods of investigation.—Mapping was done on _ topo- 
graphic maps and by plane table and telescopic alidade. Four 


789 


( 


790 Clifford L. Willis—The Chiwaukum Graben, 


plane-table traverses (scale 1 inch = 1000 feet) were made 
across the graben, and one across the Entiat Mountains along 
the west side of the Columbia River. The areas between the 
plane-table traverses were mapped on topographic base maps 
(scale 1 inch = 2 miles). 

Acknowledgments.—The author gratefully acknowledges his 
indebtedness to those workers’ previously engaged in geologic 
studies in central Washington. Their work is acknowledged 
throughout the text, and the areas previously mapped by them 
are shown in figure 1. In particular, the author wishes to express 
his acknowledgment of the contributions made by the students” 
of the University of Washington and Washington State College 
Field Course of 1951, and Mr. Richard Rongey, field assistant 
to the author during the summer of 1948. 

The author is greatly indebted to Dr. Howard A. Coombs 
for suggesting the area for study and to Doctors Howard A. 
Coombs and Peter Misch for critically reading the manuscript. 


GENERAL STATEMENT 


Introduction.—The Chiwaukum graben is one of the major 
structural features of central Washington, with a known length 
of 40 miles, a maximum width of 13 miles, and a vertical dis- 
placement exceeding 16,000 and i0,000 feet along its eastern 
and western margins respectively. 

Basement complex.—The graben is bordered on the west and 
northeast by rocks of the basement complex. The rocks along 
the northeastern border include mica-quartz schist, amphibolite, 
marble, mica gneiss, peridotite which has been largely altered 
to a tale-carbonate rock, pegmatite, quartz veins, and the Chelan 
“granodiorite’” which consists dominantly of quartz diorite 
gneiss and subordinate quantities of granodiorite gneiss and 
diorite. The rocks along the western border include mica-quartz 
schist which grades into staurolite-biotite-quartz schist and 
kyanile biotite-quartz schist, amphibolite, mica gneiss, peridotite 


1 Special acknowledgment is due George Otis Smith (1904), A. C. Waters 
(1932), Walter M. Chappell (1936), and Ben M. Page (1939). 


2The roster of students is as follows. Olin M. Hart, Paul J. Gribas, 
Melvin W. Eversaul, Edwin H. Fast, FE. James Jacobs, Warren S. Drugg, 
Gordon J. Thomas, Oscar J. Ferrians, Jr., Robert J. Jensen, Donald F. 
Kellum, Howard A. Pelton, Robert W. Hickman, Ardian C. Boyd, Howard 
G. Lister, M. E. Morrison, R. O. Smith, J. D. Stephens, J. L. Gaultieri, 
K. U. Russell, O. L. Hetland, and H. C. Kuppler. 
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which has been largely altered to serpentine, pegmatite, quartz 
veins, and the Mount Stuart “granodiorite” which is dominantly 
composed of quartz diorite in the area under consideration. 


Swauk formation.—The graben is floored with approximately 
13,000 feet of folded and faulted, intercalated sheets and lenses 
of arkose, shale, and conglomerate (floodplain and stream chan- 
nel deposits) of Paleocene or/and Upper Cretaceous age—the 
Swauk formation. 

Arkose is the most common lithologic type, constituting over 
75 percent of the section. It occurs in massive or cross-bedded 
sheets or lenses ranging from less than one to over 100 feet 
in thickness. The arkose is a pale gray, usually well-graded, 
fine-grained to conglomeratic, biotite-bearing arenite with 
angular grains of plagioclase (An,. to An,;,) and quartz in 
nearly equal quantities, with minor quantities of micropegmatite, 
epidote, sphene, chlorite, microline, microperthite, orthoclase, 
muscovite, apatite, garnet, magnetite, rutile, green hornblende, 
and rock fragments. The grains are cemented, in part, with 
quartz; interstitial argillaceous material is a very minor 
constituent. 

Shale is next in abundance, but this is inferred from a few 
natural exposures and artificial cuts along roads and railroads. 
It occurs in beds or lenses which rarely exceed a few feet in 
thickness. The shale is a brown to dark gray, moderately 
laminated, arenaceous siltstone with a mineral assemblage that 
is related to the arkose. Moderately to well-preserved fossil 
leaves have been found in some of the shales. 

Conglomerate is the least common lithologic type and _ is 
largely confined to the lower portion of the section. The con- 
glomerates at the base of the section are usually coarse and 
poorly graded and reflect the composition of the underlying 
rocks of the basement complex. Most conglomerate beds higher 
in the section are lenticular masses of moderately sorted, fine- 
to medium-gravel composed dominantly of rock types not pres- 
ent in the rocks of the basement complex. 


STRUCTURE 


Introduction.—The Chiwaukum graben is defined by two 
major faults, the Entiat fault on the northeast and the Leaven- 
worth fault on the west. Major and minor structures also occur 
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within the graben, the most important being the Eagle Creek 
anticline and associated Eagle Creek fault. 

The Entiat fault.—The trace of the Entiat fault, which bears 
N 30°W, has been mapped* from the big bend in the Columbia 
River at the city of Wenatchee northwestward along the base 
of the scarp of the Entiat Mountains to Basalt Peak, a distance 
of 40 miles. The full extent of the fault trace has not been 
determined. 

The most conspicuous and prominent feature of the Entiat 
fault is its associated scarp, which defines the Entiat Mountains 
on the west. It has a maximum height of approximately 3000 
feet from its base to its crest and is rather featureless with only 
small streams, most of which are intermittent, cutting into its 
face. The drainage of the Entiat Mountains is dominantly east- 
ward, the divide between the east and west drainage being at 
the crest of the scarp. 

Approximately 13,000 feet of Swauk strata are truncated 
by the Entiat fault as illustrated by the structural map (fig. 1). 
The strata exposed along the Entiat fault belong to the upper 
part of the Swauk section and do not reflect in any way the 
diverse composition of the adjacent rocks of the basement 
complex. 

The Entiat fault is a high-angle fault with a vertical dis- 
placement that must exceed 16,000 feet. This value was deter- 
mined from the thickness of the Swauk strata (approximately 
13,000 feet) west of the fault and the maximum height of the 
Entiat scarp (approximately 3000 feet). 

The pre-Swauk structures displayed by the attitudes of the 
foliation of the crystalline schists of the basement complex 
are truncated by the Entiat fault as illustrated in figure 1. The 
attitude of the foliation of the crystalline schists conforms to a 
regional structure that continues on each side of the graben. 

The Leavenworth fault.—The trace of the Leavenworth fault 
has been mapped from Basalt Peak at the apex of the graben 
southwestward to Chiwawa River and from Dirty Face Peak 
southward to Tip Top Mountain. The trace of the fault 
between Chiwawa Creek and Dirty Face Peak has not been 
mapped, and its position on the map (fig. 1) has been inferred. 
8 The trace of the fault was mapped by Waters (1932) in southwestern 


Chelan quadrangle, by Page (1939) in southeastern Chiwaukum quad- 
rangle, and by Willis (1950) in northeastern Chiwaukum quadrangle. 


. 


a Major Structure of Central Washington 793 


From Basalt Peak to Peshastin Creek the strata of the 
Swauk formation are in fault contact with the rocks of the base- 
ment complex, but at Peshastin Creek where the fault trace 
swings southeastward into the Swauk formation the upper strata 
of that formation are in fault contact with conglomerates at the 
base of the same formation and with an inlier of brecciated 
Mount Stuart granodiorite. 

Fault breccia and mylonite may be observed at several places 
along the Leavenworth fault. A nearly vertical zone of fault 
breccia is present on the south slope of Nason Ridge where 
strata of the Swauk formation abut against mica gneiss of the 
basement complex. Where the fault crosses Peshastin Creek and 
in the inlier immediately to the south, the Mount Stuart grano- 
diorite is intensely sheared and brecciated (cataclastic breccia). 
Inclusions of fault breccia are present in the body of hornblende 
dacite porphyry at Basalt Peak where magma was injected 
along the fault zones of the Leavenworth and Entiat faults and 
out along the bedding planes of the Swauk formation to produce 
an asymmetrical laccolith at the apex of the graben. In the 
quarry west of the city of Leavenworth, well-developed mylonite 
is present in amphibolite. 

Drag folding in the Swauk formation (fig. 2, E-F) is well 
illustrated on the valley wall north of Peshastin Creek where 
the upper portion of a thick succession of southward-dipping 
strata of arkose and subordinate quantities of shale and con- 
glomerate of the Swauk formation are in fault contact with 
basal conglomerates of the same formation. 


A 


Basement Complex Basement Comples Swouk Formation 
(Differentiated) (Undifferentiated) 
Seote Miles 


and ore the some 


Fig. 2. Geologic cross sections of Chiwaukum graben. 
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The straight-line character of the trace of the Leavenworth 
fault where it crosses Nason Ridge, Pole Ridge, and the valley 
wall north of Peshastin Creek illustrates the nearly vertical 
attitude of the fault surface. 

The vertical displacement of the Leavenworth fault cannot 
be definitely determined, and it undoubtedly varies in magnitude 
along its strike. However, the thickness (10,000 feet) of Swauk 
strata exposed on the western limb of the Peshastin Creek anti- 
cline (figs. 1 and 2) east of the fault suggests that the maximum 
vertical displacement must exceed 10,000 feet. 

The Leavenworth fault, like the Entiat fault, truncates the 
structures of the crystalline schists of the basement complex. 
The relationship is illustrated in figure 1. 

Eagle Creek anticline and associated fault,—The Eagle Creek 
anticline is the major structure within the graben. It is an 
asymmetrical open fold with approximately 13,000 feet of strata 
inclined at 30 and 40° on the west and east limbs respectively, 
and extends from Little Chumstick Creek, where it plunges 
northwestward 60°, southeastward beyond the city of 
Wenatchee, a distance of 34 miles. 

Rocks of the basement complex are present in three inliers 
along the crest of the Eagle Creek anticline, the southernmost 
inlier being the largest with a length of 1114 miles and a maxi- 
mum width of 2 miles. The crystalline schists of the inliers are 
moderately to intensely sheared, notably in the fault zone, the 
Eagle Creek fault, along the eastern margin of the southern- 
most inlier where strata of the Swauk formation are in fault 
contact with mica gneiss of the basement complex. 

The Eagle Creek fault extends from the Wenatchee River 
northwestward along the eastern margin of the southernmost 
inlier and continues northwestward across Eagle Creek where a 
number of high-angle subsidiary faults are present in the 
Swauk formation. The displacement of the fault is not known. 

The trace of the Eagle Creek fault bears N 30° W. It is 
parallel to the axial trace of the genetically related Eagle 
Creek anticline, is parallel to the trace of the Entiat fault, 
and is transverse to the structures of the rocks of the basement 
complex which bear N 65° W. 

Mechanics of faulting and folding.—In the opinion of the 
author the faults and folds of the Chiwaukum graben are the 
results of compressional stress transmitted through the rocks 
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of the basement complex. The rocks of the basement complex 
were sheared and faulted; the structures thus produced were 
expressed as folds and faults in the overlying strata of the 
Swauk formation. Evidence for this conclusion is illustrated 
by (1) the discordant relationship between the pre-Swauk 
structures of the rocks of the basement complex a@nd the struc- 
tures of the overlying strata of the Swauk formation, and by 
(2) the relationship between the Eagle Creek fault and its 
genetically related Eagle Creek anticline and associated inliers 
of crystalline schists. 

The pre-Swauk structures displayed by the foliation of the 
crystalline schists of the basement complex are discordant to 
the structures of the Chiwaukum graben as illustrated in figure 
1. These structures of the crystalline schists conform to a 
regional structure that continues on each side of the graben. 
North of the axial trace of the Swakane Creek anticline, which 
bears N 60° W, the foliation of the crystalline schists have a 
strike of approximately 65° west of north and a northeastward 
dip ranging between 20 and 70°; south of the axial trace of 
the Swakane Creek anticline, the foliation of the crystalline 
schists have a strike of approximately 50° west of north and a 
southwestward dip ranging between 10 and 50°. There is no 
evidence to suggest that the rocks of the basement complex were 
folded along with the overlying strata of the Swauk formation 
into folds trending N 30° W. 

Faulting in the rocks of the basement complex, with associated 
folding and faulting in the overlying strata of the Swauk 
formation, is best illustrated by the relationship between the 
Eagle Creek fault and its genetically related Eagle Creek anti- 
cline and associated inliers of the crystalline schists. The Eagle 
Creek fault, at the eastern margin of the core of crystalline 
schists exposed in the three inliers along the crest of the Eagle 
Creek anticline, is parallel to the axial trace of the Eagle Creek 
anticline which bears N 30° W and is transverse to the pre- 
Swauk structures of the crystalline schists as previously de- 
scribed. Therefore, the core of crystalline schists of the Eagle 
Creek anticline is not the result of folding but rather the result 
of faulting in the rocks of the basement complex. 

Time of faulting and folding.—The faults and folds of the 
Chiwaukum graben are post-Swauk (Paleocene and/or Upper 
Cretaceous) and pre-Teanaway (Lower to Middle Eocene) in 
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age. In the southwestern quarter of the mapped area, diabase 
is present as dikes and sills in the folded strata of the Swauk 
formation and as dikes in the fault and shear zones along the 
western margin of the graben. South of the mapped area, the 
diabase dikes pass upward into the flows of the Teanaway 
basalts which rest unconformably upon the folded strata of the 
Swauk formation. 

In late Tertiary time further deformation took place along 
the northwest-southeast structural trends. It is illustrated by 
several folds in the flows of the Yakima basalt (Middle Miocene ) 
southeast and south of the area under consideration. An anti- 
cline, the Badger Mountain uplift, was formed southeast of 
the Entiat Mountains, and another, the Wenatchee Mountain 
Uplift, was produced southeast of Mount Stuart, the highest 
erosional remnant in the Cascade Mountains. These two anti- 
clines are separated by a broad downwarp which is southeast 
of the graben. 

Relationship between the Chiwaukum graben and the Cascade 
Uplift.—In late Pliocene or early Pleistocen: time, the area 
now occupied by the Cascade Mountains was warped into a 
major, broad upwarp with a north-south-trending axis. This 
structure was superposed on the earlier northwest-southeast 
structural trends, 

Before the Cascade Uplift, erosion had reduced the surface 
of the land to a broad-valley stage over a widespread area. 
Relics of this surface are present in the mountainous areas 
bordering the graben, and the Summit conglomerate on Natapoc 
Mountain, consisting of approximately 200 feet of horizontal 
heds of andesite streamlaid gravel, probably rests on this 
surface. 

Erosion was greatly accelerated by the Cascade Uplift. Re- 
juvenated streams cut deep narrow canyons; sediments of the 
Swauk formation were flushed out of the graben; and a fault- 
line scarp was produced along the western border of the Entiat 
Mountains. 
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A ZONE OF PSEUDOSCHW AGERINA LOW 
IN THE LEONARD SERIES IN THE 
SIERRA DIABLO, TRANS-PECOS TEXAS 


CARL O. DUNBAR 


ABSTRACT. Pseudoschwagerina stanislavi Dunbar, n. sp., is shown to 
occur in beds about 50 feet above the base of the Bone Spring limestone 
in the east face of Victorio Peak. This, for the first time, extends the 
known range of the genus above the Wolfcamp Series. 


INTRODUCTION 


N the summer of 1942, Dr. Stanislav Kiiz, then a graduate 

student at Princeton University, working under the guid- 
ance of Dr. J. Brookes Knight, made « study of the Permian 
beds in the east slope of Victorio Peak in the Sierra Diablo, 
Trans-Pecos Texas. On the slope about 50 feet above the 
Hueco-Bone Spring contact (arrow in plate 1A), he picked up 
two loose chunks of gray limestone filled with a large species 
of Pseudoschwagerina weathered into high relief. When he 
returned from the field and learned that this genus had never 
before been found above the Hueco formation, the discovery 
took on unexpected interest. 

Assuming, as he then did, that it was the common Hueco 
species, P. uddeni, several alternatives were considered. It 
seemed possible, for example, that the Hueco-Bone Spring 
boundary had been drawn too low and the beds, up to and in- 
cluding the Pseudoschwagerina horizon, actually belonged in 
the Hueco formation. The associated brachiopods, however, 
made this appear improbable. A second possibility seemed to be 
that the beds in question represented a new horizon younger 
than the type Wolfeampian and older than the type Leonardian 

one not represented in the Glass Mountains section; and in 
this case it would be important to decide whether to add it to 
the top of one or to the base of the other series. It was con- 
sidered possible, even, that the pseudoschwagerines had weath- 
ered out of the underlying Hueco formation before deposition 
of the Bone Spring formation, to be redeposited in the latter. 
And finally, since the fossiliferous pieces were found loose on 
the surface, the possibility had to be considered that they 
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had been picked up on the Hueco outcrop by some passing 
geologist who later dropped them farther up the slope. 
Further field work was obviously needed and Kiiz returned 
the next summer to search for the bed carrying Pseudoschwa- 
gerina, Unfortunately his efforts were in vain. In the sum- 
mer of 1944 Knight visited the locality accompanied by Robert 
Kk. King and, after searching in vain to find the Pseudo- 
schwagerina bed in situ, they carefully measured a section up 
the slope from the top of the Hueco formation through about 
250 feet of the lower part of the Bone Spring formation, and 
collected fusulines from 20 distinct horizons (figs. 1 and 2). 
In the summer of 1945 Knight again visited the locality, this 
time accompanied by R. C. Moore and R. VY. Hollingsworth, 
and again the search for the Pseudoschwagerina bed was in 
vain; but Moore discovered another loose piece of it at ap- 
proximately the level of Kiz’s original find, and it was the 
consensus of all present that the loose blocks carrying 
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Fig. 1. Profile section at the Kfiz lens along the line A of plate 1. 
Collections of Knight and King are indicated by simple numerals and 
those of Dunbar by D and a numeral. Ranges of fusuline species in this 
section are indicated at the right. 
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Pseudoschwagerina had weathered out of a buried layer near 
where found and actually belonged at that horizon in the 
section. Upon his return from the field in the fall of 1944, Dr. 
Knight transmitted to the writer for study the original col- 
lection of Kiiz and the suite of 20 collections that he and 
R. FE. King had made. 

The Victorio Peak locality had been studied in 1928 by 
P. B. King and Robert E. King as part of an investigation 
sponsored jointly by the Texas Bureau of Economic Geology 
and Professor Charles Schuchert. A section was then meas- 
ured and the collections made were deposited at Peabody 
Museum, Yale University. 

In 1936 it was studied again as part of a general investiga- 
tion of the Permian and other rocks of the Sierra Diablo re- 
gion for the U. S. Geological Survey by P. B. King (King 
and Knight, 1944). During that summer Knight was associated 
with King and had measured a section up the lower slope of 
Victorio Peak and had made collections carefully located in 
the section. These fossils were deposited with the U. S. 
Geological Survey and the U. S. National Museum. 

Kiiz’s work had grown out of this investigation in which 
Knight had been associated with King, and throughout the 
study King has given all possible help and encouragement, and 
with the permission of the Director of the U. S. Geological 
Survey, he transmitted to the writer unpublished notes on 
the sections of 1928 and 1936. Lloyd G. Henbest was also 
kind enough to lend the Knight collection of 1936, now in his 
care in the U. S. National Museum. 

Finally, the writer had the opportunity to visit the locality 
as a guest of Norman D. Newell in July, 1950, and having 
studied the previous collections and data, to recheck the pro- 
file section of Knight and R. E. King (fig. 1) and to make ad- 
ditional collections and critically study the Hueco-Bone Spring 
contact. Although an entire day on this slope failed to locate 
the Pseudoschwagerina bed, its approximate position is now 


Fig. 2. Three sections measured at or near the Kfiz lens. Section A, 
measured by Knight and King over and above the Kfiz lens, along line A 
of plate 1. Section B measured by Knight up ravine first north of the 
lens, along line B of plate 1. Section C measured by P. B. and R. E. King 
in 1928 “about one quarter mile” south of the lens. Position of fusuline 
collections indicated by numerals and darts. 
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believed to be established by the considerations set forth below. 

It is a pleasure to acknowledge my thanks to Dr. Kiiz for 
entrusting his important discovery to me for study, and to 
those named above for their indispensable help. I am especially 
indebted to J. B. Knight for his never-failing encouragement 
and his patience during a tedious and, at times, discourag- 
ing study. 


FIELD RELATIONS 


The field relations are shown in figure A of plate 1, a 
photograph taken by J. B. Knight in 1936 looking nearly due 
west toward Victorio Peak along the road to Corn Ranch 
(now Ellis Porter Ranch). A convenient landmark in the slope 
is a reefy lens of white limestone, here labeled the Kriz lens, 
which is a local thickening of the uppermost bed of the Hueco 
formation. The lens is about 600 feet across and 150 feet thick 
at the middle, and it presents a sheer cliffed face that can be 
seen for many miles. Although it is only one of several such 
lenses in the slopes of Victorio Peak, this is the most con- 
spicuous one, and it is easily located by its position with re- 
spect to the Porter ranch house. 

Three sections measured up this slope are presented in 
figure 2, and their positions are indicated in plate 1. Section A 
was measured directly up the slope from the center of the 
Kiiz lens in 1944 by J. B. Knight and R. E. King, and was 
restudied and checked in 1950 by the writer who, while on 
on the ground, sketched the literal profile of its lower part 
as represented in figure 1. Section B was measured by J. B. 
Knight in 1936 up the first ravine about one-fourth mile north 
of the K#iz lens. Section C was measured by P. B. and R. E. 
King in 1928 a short distance (“less than one-fourth mile’) 
to the south of the Kiiz lens. 

The larger relations have been described by P. B. King 
(1942, p. 556-575), who redefined the Hueco formation and 
drew its upper limit along the face of the Sierra Diablo at 
an important faunal break that also coincides with a hiatus 
marked by conspicuous local unconformity at several places in 
the region. As thus defined the upper layer of the Hueco for- 
mation on this part of Victorio Peak is the massive limestone 
bed, commonly 10 to 15 feet thick, that expands locally to 
form the Kfiz reef-lens. The writer found that the succeeding 
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beds warp over the convex surface of the lens, some of them 
thinning as they do so, but without evident discordance at this 
locality (pl. 1). Nevertheless, a brecciated layer at the upper 
surface of the lens (J. B. K. records “large angular blocks”) 
suggests that it may have been exposed for a time. 

The Hueco formation, of Wolfcampian age, ranges in thick- 
ness from about 350 to 550 feet along the front of the Sierra 
Diablo, the variation being due chiefly to overlap on an un- 
even surface. Its base is covered by alluvium along the east 
face of Victorio Peak. The lower part of the Hueco formation 
is detrital and largely red, consisting of conglomerate and inter- 
bedded sandstone and shale; but this part grades upward into 
light gray limestone mostly in thin even beds, but with a few 
thick layers, the upper one of which locally thickens to form 
the Kriz lens. The upper part of the Hueco formation is re- 
sistant enough to form a low scarp and bench that can be 
followed readily along the slope. 

The Bone Spring formation is about 2500 feet thick in the 
Sierra Diablo front. Here the bulk of it is comprised of “black 
limestone,” a silty, finely laminated lime rock that is almost 
black in fresh exposure but weathers to a drab rusty color and 
breaks down into platy slabs some of which appear almost 
slaty. The typical black limestone is peculiarly barren of fossils 
and is believed to have formed in deeper water than the Hueco 
limestone and under stagnant conditions that excluded a 
normal benthonic fauna. The upper part of the black limestone 
interfingers with the Victorio Peak white limestone member so 
well displayed in the summit of Victorio Peak (pl. 1). 

Along the front of the Sierra Diablo the basal part of the 
Bone Spring formation is generally made of normal gray 
limestone much like the underlying Hueco beds and bearing 
abundant fossils. Silty dark limestone appears as occasional 
interbeds near the base and increases in importance upward 
as the normal fossiliferous gray beds become farther apart 
and thinner. Thus, in spite of the fact that an important hiatus 
intervenes below them, these lower beds, 50 to 60 feet thick, 
appear to form a lithologic transition from the underlying 
Hueco formation to the typical Bone Spring black limestone. 
They almost certainly record a change in the environment from 
that of normal open shallow water to that of a deeper and 
density-stratified basin, but there is both faunal and physical 
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evidence within this province of an important hiatus between 
the Hueco formation and these basal beds of the Bone Spring 
formation. The present study of the fusulines confirms the 
boundary as King drew it just above the K7iz lens in the slope 
of Victorio Peak. 


FUSULINE SUCCESSION 


Fusulines are abundant in both the Hueco formation and the 
lower beds of the Bone Spring formation in the Sierra Diablo, 
and collections from many localities were studied by Dunbar 
and Skinner in 1937. In addition, the local sections represented 
in figure 2 have provided an exceptional opportunity to de- 
termine the faunal succession. Section A has afforded 30 col- 
lections well distributed through the lower 250 feet of the Bone 
Spring formation. This is supplemented by section B from 
which Knight collected fusulines from 5 horizons in the upper 
part of the Hueco formation and 2 in the Bone Spring. Section 
C is more complete than either of the others and serves to 
confirm the stratigraphic succession; but when it was meas- 
ured, only a few of the fusuline beds were collected. Two of 
these (lots D+S loc. 129 and loc. 130) yielded the types of 
Parafusulina diabloensis Dunbar and Skinner. The types of 
Parafusulina schucherti are from a nearby locality at about 
the same horizon. 

The 5 collections from the Hueco formation (section B) 
have much in common and include well-known Wolfcampian 
species. Lot Ph. 4 contains abundant Schwagerina linearis; 
lot Ph. 6 includes Schwagerina linearis and S. bellula; lot Ph. 7 
has yielded Pseudoschwagerina texana, Schwagerina frank- 
linensis, S. lavissima and Triticites victorioensis; lot Ph. 8 has 
yielded Schwagerina bellula, S. lazissima and Schubertella 
kingi; and lot Ph. 9 includes Schwagerina linearis, S. frank- 
linensis, S. bellula and Schubertella kingi. Of these species, 
Schwagerina linearis is a very characteristic form in the upper 
part of the type Wolfcamp. Schubertella kingi is also wide- 
spread in the Wolfcamp. Schwagerina franklinensis, S. bellula 
and §. laxvissima are characteristic of the province that in- 
cludes Diablo Plateau and the Franklin Mountains, but 
throughout this province they occur along with other distinc- 
tive Wolfcamp species, notably Pseudoschwagerina uddeni and 
P. texana. These faunas are therefore clearly Wolfcampian. 
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In section A the lowest collection, K1, is from the upper 
surface of the Kiiz lens and it, too, has yielded only Wolfcamp 
species, T'riticites uddeni and Schubertella kingi. 

Collection K3, from 3 feet above the base of the Bone Spring 
beds, is filled with Schwagerina giimbeli and S. crassitectoria, 
both of which were described from the basal part of the type 
Leonard in the Glass Mountains. Collection K4, from 14 feet 
above the base of the Bone Spring beds, also contains S. 
giimbeli. 

Collection K5 includes two undescribed species of Schwa- 
gerina, the more common of which (S. new sp. A) resembles 
S. hessensis in having few and very high volutions and an 
extremely large proloculus. 

Collection K6, from 52 feet above the base, includes 
Parafusulina schucherti. 

Collections K7 and K8, from 62 and 64 feet, respectively, 
above the base, both have yielded Parafusulina schucherti and 
P. diabloensis. 

Collection K9, from a shaly parting 65 feet above the 
base, has vielded abundant free specimens including Schwa- 
gerina giimbeli var. pseudoregularis, S. crassitectoria, Para- 
fusulina diabloensis and P. ? n. sp. A (slender). The first two 
of these were described from the basal part of the Leonard 
formation in the Glass Mountains. 

Collections K10 and K12 yielded nothing identifiable, but 
K11 contains Parafusulina schucherti. 

Collection K13, from 80 feet above the base, includes Para- 
fusulina diabloensis and P. n. sp. A (as in coll. K9); and col- 
lection K14 from 8 feet higher also contains Parafusulina 
n. sp. A. 

Collection K15, from 92 feet above the base, includes Para- 
fusulina schucherti; and K16, from 3 feet higher, has yielded 
P. diabloensis. 

Collections K17 and K18, from 102 and 123 feet respec- 
tively, above the base, contain an undescribed species of Para- 
fusulina, P. n. sp. B. 

Collection 19, from 182 feet above the base, is filled with 
rolled and broken specimens all of which appear to have been 
juvenile and which have not been identified. 

Collection 20, from 224 feet above the base, includes Para- 
fusulina cf. fountaini. 
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The writer’s collections, numbered D1 to D10, have shown 
the following forms: 

Collection D1, from a massive, light gray layer 6-14 feet 
above the Kriz lens, has yielded Schwagerina n. sp. B and S. 
n. sp. C. 

Collection D2, from a dark layer only 3 feet above the top 
of the KiizZ lens, has yielded Schwagerina giimbeli. This bed is 
a calcarenite with very few fusulines. 

Collection D3, from 30 feet above the base of the Bone 
Spring formation, is filled with Parafusulina schucherti. 

Collections D5 and D6, from 50 feet and 65 feet, respec- 
tively, above the base, are filled with both Parafusulina schu- 
cherti and P. diabloensis. The same species also occur abun- 
dantly in collections D7 and D8 at 90 and 95 feet, respectively, 
above the base. 

Collection D9 at 140 feet above the base includes Para- 
fusulina aff. schucherti and P. n. sp. C, a large slender species. 

Collection D10 at 250 feet above the base includes Para- 
fusulina n. sp. D and Parafusulina n. sp. E. 

All the collections thus far discussed indicate a clear faunal 


break at the top of the Kfiz lens, all the beds below it belong- 
ing in the Hueco formation of Wolfcampian age and all those 
above being faunally allied with the Leonardian Series. In the 
numerous collections cited no fusuline species were found to 
cross this boundary. 


On the contrary, collection Pb6 in section B has presented a 
puzzling association. Field data supplied to me by P. B. King 
from Knight’s field notebook is as follows: “Collection Pb6, 
from a 15-foot ledge of massive gray limestone, with silicified 
fossils; contains some angular blocks, base is 63 feet above 
base of Bone Spring limestone as drawn in field.” 

Dr. Knight assures me that the base of the Bone Spring 
limestone was then drawn as shown in section B, and there is 
no question but that bed 12 of that section is continuous with 
the topmost bed of the Kriz lens. One can walk from one 
locality to the other on a continuous bedding plane. This col- 
lection included 8 small chunks of limestone which differ 
markedly among themselves in lithology and in faunas. In mak- 
ing a hurried examination of this material for a preliminary 
report to P. B. King in 1950, Henbest identified several species 
and reported: “This diverse and unusual fauna seems definitely 
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to represent the Wolfcamp. I saw no definite evidence of its 
containing Parafusulina, though one or two forms (the Dun- 
barinella and one of the species listed as Schwagerina) might 
represent that genus. The great diversity of this fauna is the 
source of some wonder, if not suspicion, that a mixture of 
faunas, by redeposition, has taken place.” 

He therefore carefully kept each chunk of the rock separate- 
ly labeled and sent them to me so marked. The chunks have 
been numbered 1 to 8 respectively and in making sections we 
have treated each as a separate unit and have preserved at 
least half of each with its original label attached. This permits 
analysis of the fauna of each of the chunks of stone in collec- 
tion Pb6. The results of my study are as follows: 

The largest of the 8 chunks, numbered Pb6(1), is of light 
bluish-gray calearenite that weathers light gray, is filled with 
fusulines, and is essentially free of silicification. Its fauna in- 
cludes T'riticites ex. gr. T. ventricosus, Pseudoschwagerina 
terana, Ps. uddeni (?), Schwagerina nelsoni, S. linearis, S. 
franklinensis, and Dunbarinella diversiformis. This is a simon- 
pure Wolfcampian fauna of the Hueco facies. In addition there 
is a single fragment of a tangential slice of the outer whorl 
of a subcylindrical shell showing cuniculi. It cannot be related 
to any of the species identified above with the possible excep- 
tion of Schwagerina franklinensis and it may represent a 
species otherwise not observed. 

Chunk numbered Pb6(2) is a cherty limestone with abun- 
dant fusulines and crinoidal remains in an aphanitic matrix. It 
weathers rusty buff and the fusulines are largely replaced by 
SiO,. It is filled with Parafusulina diabloensis. 

Chunk numbered Pb6(3) is like Pb6(2) except that it is 
more completely silicified. It also includes Parafusulina, 

Chunk numbered Pb(4) is like Pb6(2) and is filled with 
Parafusulina diabloensis. 

Chunk Pb6(5) is lithologically like Pb6(1) except that 
fusulines are few and scattered. It has yielded Schwagerina 
nelsoni and Dunbarinella diversiformis. 


Chunk Pb6(6) is largely silicified but was originally a sort 
of pisolite in which the individual o6liths were formed of frag- 
ments of shell, mostly crinoidal and fusuline, coated with a 
sheath of limy deposit. The fusulines were broken and badly 
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worn and largely size graded before being coated. In their 
worn and now silicified condition none has been identified. 

Chunk Pb6(7) is exactly like Pb6(6). 

Chunk Pb6(8) is highly siliceous light bluish-gray shelly 
limestone, weathering rusty. The fusulines are in part silicified 
and the matrix is considerably dolomatized. Fusulines are 
abundant and show considerable variety of size and shape. Due 
to their unsatisfactory preservation none has been identified. 

From this analysis it is clear that the 8 pieces in collection 
Pb6 include several types of lithology and at least 2 mutually 
exclusive faunas. Number 1 is a normal Wolfcamp fauna 
with the exception of one tangential fragment of a Parafusu- 
lina, Number 5 is of the same lithology and it also has yielded 
only Wolfcamp species. On the contrary, numbers 2, 3, and 4 
have a different lithology and have yielded only the common 
Bone Spring species of Parafusulina.' 

In view of the fact that so many other collections from this 
areca have unequivocally Wolfcamp or else unadulterated Bone 
Spring faunas, it is evident that some abnormality exists here. 
The “angular blocks” in this 15-foot bed may be pieces intro- 
duced at this spot from a nearby exposure of the Hueco lime- 
stone. Specimens 1 and 5 may have been taken from such 
foreign blocks, or they may be from a layer of calcarenite de- 
rived from a Hueco exposure. This seems the more probable 
since the upper surface of the Hueco formaticn bore reef lenses 
of considerable height (e.g. the Kiiz lens) and that it was 
overlapped by the Bone Spring formation with marked un- 
conformity within the vicinity. 

1 Note by J.B.K.—I feel humanly sure that there was no mixing of 
collections here. Nevertheless, I think my first reaction is that (since I am 
human) there might have been. I do not believe that this possibility should 
pass without mention, and let the paleontologist who has never mixed 


collections heave the first granite paving block. The problem is insolvable 
without further collecting to check. 


Upper: East face of Victorio Peak, Sierra Diablo, from the road 
leading to the Ellis Porter ranch house. A, profile measured by Knight 
and King in 1944; B, profile measured by Knight in 1936; C, profile 
measured by King and King in 1928. The position of profile C is inferred 
from the field notes of 1928 but is not precisely recorded. Arrow indicates 
the position of Pseudoschwagerina. 


Lower: Profile view looking south along the north edge of the Kfiz 
lens. Dotted line follows upper surface of the lens. 
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Collection Pb7 also included 8 small chunks of stone and 
these, according to Knight’s notebook are “from 115-foot 
member of thinbedded 1 foot layers of fossiliferous, dark-gray 
limestone. Fusulinids and crinoid stems are conspicuous. Base 
98 feet above base of Bone Spring limestone as drawn in the 
field.” Obviously the several pieces were chipped from differ- 
ent layers through a considerable thickness of similar beds. No 
confusion or inconsistencies have been observed among them. 

They contain 3 species of Parafusulina, A striking new 
species, Parafusulina aff. P. imlayi Dunbar, was found in 
specimens 3 and 4; Parafusulina diabloensis in specimen 2; 
and Parafusulina sp. B in specimens 1, 2, 5, 6, and 7. 


THE PSEUDOSCHWAGERINA STANISLAVI FAUNA 


Each of the chunks of stone picked up by Kiiz was about 
4 inches in diameter, and about 25 per cent of its volume is 
comprised of fusuline shells. These and other scattered fossils 
are largely silicified but the compact limestone matrix is not. 
One of the chunks has been kept intact, except that one side 
was treated with acid to free some of the shells and to bring 
others out in relief. The other chunk was broken up in order 
to find suitable specimens for sectioning, and about half of 
it was eventually digested in acid so as to free about 100 
fusuline shells. Carefully oriented thin sections were made of 
30 specimens and a vast number of random sections show well 
on the partially etched pieces of stone. Having a large number 
of free specimens has greatly facilitated separation of the 
species and inspection of the relative abundance of the 
species present. 

The result is the discovery of four species which may be 
listed in order of decreasing abundance as follows: Pseudo- 
schwagerina stanislavi, n. sp., Parafusulina diabloensis Dunbar 
and Skinner, Schwagerina hawkinsi Dunbar and Skinner, and 
Parafusulina schucherti Dunbar and Skinner. 


Fig. 1, five paratypes (x 1); fig. 2, sagittal section of a paratype (x 10); 
figs. 3, 4, axial sections of holotype and paratype, respectively (x 10); 
figs. 5, 6, antethecal and polar views of two of the paratypes shown in 
figure 1 (x 5). 


All from one chunk of limestone found loose on the slope about 50 feet 
above the base of the Bone Spring formation in the east slope of Victorio 
Peak, Sierra Diablo, Trans-Pecos Texas. 
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Of these, the Psendoschwagerima is quite unlike any other 
American species of the genus, its axis being the shortest 
diameter so that its poles are umbilicate and not extended into 
nubs as they are in P. uddeni. It is strange and unfortunate 
that in the many sections cut from the collections made in situ 
not a single trace of this Pseudoschwagerina was found. How- 
ever, the three associated species were fourid in place. Both 
Parafusulina schucherti and P. diabloensis are common in the 
beds at the level where Kiiz found his loose chunks, ranging 
upward for about 50 feet. Schwagerina hawkinsi also was found 
in collection K9 a little above the position of KfiZ’s specimens. 
It can hardly be doubted therefore that the chunks with 
Pseudoschwagerina stanislavi came from a layer in this slope 
near, but perhaps somewhat above, the spot where they were 
found. It should be noted that between the more resistant 
layers in this slope there are numerous short intervals that 
are covered by soil or float. It is probable that the chunks 
‘carrying Pseudoschwagerina came from such an interval. 

The association indicates that the horizon of the Pseudo- 
schwagerina stanislavi fauna is in the lower part of the 
Leonard Series. Schwagerina giimbeli, S. pseudoregularis and 
S. crassitectoria were all described from beds 400-500 feet 
above the base of the type Leonard, and Parafusulina makes 
its appearance somewhat above this horizon in the Glass 
Mountains. Schwagerina hawkinsi was described from near the 
base of the Leonard on Dugout Mountain where the Leonard 
beds lie with great unconformity above the deformed Gaptank 
beds, having overlapped the Wolfcampian. It is probable that 
the base of the Leonard is younger there than in Leonard 
Mountain. 

It may be noted, however, that in a comprehensive review 
of the distribution of the genus Pseudoschwagerina, Franz 
Kahler (1939) recognized that it ranges up through the 
Trogkofelkalk of the Carnie Alps, and that Kahler and Kahler 
(1941) recognized 6 species (5 new) in the Trogkofelkalk. 
This formation is a non-bedded limestone mass of local de- 
velopment resting upon the well-bedded Schwagerinakalk. It 
is clearly a reefy deposit like those that occur at various 
horizons in the Permian of West Texas and New Mexico. It 
has commonly been assigned to the Artinsk (i.e. Leonard) 
horizon, but when the writer saw it briefly under the guidance 
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of Franz Kahler in 1937 he was impressed with its close 
association with the underlying Schwagerinakalk. It may be 
only a local thickening of the latter unless there is convincing 
faunal evidence to the contrary not known to the writer. 

This is the first discovery of the genus Pseudoschwagerina 
above the Wolfeamp Series in America and its first observed 
association with Parafusulina. It is fitting that it bear the 
name of its discoverer, Stanislav Kriz. 


SPECIFIC DESCRIPTION 


Pscudoschwagerina stanislavi Dunbar, n. sp. 
Plate 2, figs. 1-6 


Description.Shell spheroidal, consisting of about 6 volu- 
tions and attaining a diameter of 7 to 8 mm. at maturity. 
The poles are evenly rounded or slightly umbilicate and never 
extended into nubs. The polar diameter varies from slightly 
more to slightly less than the equatorial. 

The proloculi are of moderate size, and are thick-walled and 
spheroidal. In 8 measured sections the proloculi fall between 
the limits of 185 and 285 microns in diameter and in 6 of 
these the range is between 220 and 260 microns. 

The juvenarium consists of about 214 closely coiled and 
slender volutions in which the spiral wall is relatively thick, 
the septa are nearly plane but show gentle septal folding near 


the poles, the tunnel is narrow, and the chomata are relatively 
massive, 


Following the juvenarium the inflation is rapid and great, 
the height of the whorl increasing by 5- or 6-fold within the 
first half volution. Thereafter it tends to increase slightly to 
a maximum at about the beginning of the last whorl, after 
which it declines rapidly so that the last half volution is 
scarcely half as high as the one preceding. 

The septa in the inflated whorls show no folding whatever. 
They commonly are not quite straight and are not quite 
parallel to the axis, so that they cross the whorls in thin 
sections, but they form no septal loops even in the end zones. 
Etched specimens such as figure 5 of plate 2 show the lack 
of septal folds. Chomata are completely lacking in the in- 
flated whorls and the tunnel commonly cannot be recognized 
in thin sections. 
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Table of measurements 


Half length —— 


-——— Radius vector—— 


2 63 86 64 ‘ 

90 130 1.09 86 59 -74 39 
4 2.00 243 1.89 1.85 182 1.74 178 1.49 
5 2.86 3.50 3.20 2.78 2.86 3.07 3.50 2.78 


3.24 352. .... 2.98 


Septal 
count 


-———Tunnel angle, -——Wall thickness 


2 


3 4 


15° 
2 21° 14° 22° 17° 036 048 0438 0036 «18 22 
43° 41° 


Discussion.—This species is readily distinguished from any 
other described American form by its umbilicate poles and 
complete lack of septal folding. It has about the same size as 
P. uddeni, but that species is thickly fusiform, being extended 
into short nubs at the poles. P. stanislavi has the external 
shape of Verbeekina but not its internal characters. It some- 
what closely resembles the form described by Chen as Schwa- 
gerina princeps from the Chuanshan limestone of southern 
Kiangsu Province in China [=Pseudoschwagerina cheni Kahler 
and Kahler], but that species is more extended at the poles. 
It is even more like P. lata Kahler and Kahler from the Trog- 
kofel limestone of the Carnic Alps. 


Occurrence.—This species occurs in great numbers in two 
chunks of limestone collected by Mr. Stanislav Kriz lying loose 
on the surface about 50 feet above the base of the Bone Spring 
formation on the east slope of Victorio Peak in the Sierra 
Diablo, Trans-Pecos Texas. It is believed that they belong in 
place at that horizon. 


#1 2 3 4 #1 2 3 4 
0 All jl .123 ll All .123 ll 
1 33 43 36 .29 .20 .23 20 17 
6 ? 3.86 3.77 3.57 es 
|_| 
#1 | Fe #1 2 3 4 £5 6 
0 036 036 086 .029 
4 78 030 O50 O57 043 15 17 
5 ? 079 O71 O57 19 22 
| 
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CONTAMINATION OF ROCK SAMPLES 
DURING GRINDING AS DETERMINED 
SPECTROGRAPHICALLY* 


A. 'T. MYERS ann PAUL R. BARNETT 


ABSTRACT. The kind and degree of contamination resulting from the 
pulverizing in heavy grinding machinery was investigated by the U. S. 
Geological Survey for three different groups of rock samples: (1) six 
hard rocks, (2) six unconsolidated sediments, and (3) one massive quartz 
and one quartzite. Spectrographic analysis indicated that iron can be 
increased as much as 1.5 percent, nickel 0.006 percent, molybdenum 0.002 
percent, chromium 0.001 percent, cobalt 0.002 percent, vanadium 0.001 
percent, copper 0.003 percent, and manganese 0.1 percent. The data pre- 
sented also show that there is danger of contamination of samples from 
grinding on a bucking board. 


INTRODUCTION 


has been known for some time that spectrographic 
analysis of rocks and ores is complicated by contamination 
introduced during grinding.’ Whenever grinding machinery 
made of steel is used to pulverize rocks, some of the steel from 
the mill plates or crushers is added to the finely ground sam- 
ple. Furthermore, when the sample is sieved through brass 
screens, it may pick up additional contaminants such as copper 
and zinc. If the rock samples come in contact with utensils 
containing galvanized material or solder, the samples will 
probably become contaminated by zinc, lead, and tin. This 
contamination is not serious when the rock is analyzed only 
for the major components, but when it is to be analyzed 
spectrographically or chemically for minor elements, the 
error introduced may be serious. 

According to Lundell, Hoffman, and Bright (1931, p. 1-2), the 
ordinary constituents of steel are iron, carbon, manganese, 
phosphorus, sulfur, and silicon. The common alloying con- 


stituents are copper, nickel, chromium, vanadium, molybdenum, 


tungsten, and cobalt. The less common constituents are alum- 


*Publication authorized by the Director, U. S. Geological Survey. 


1 For the purpose of this report, the word grinding includes both the 
crushing and the grinding processes. 
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inum, titanium, zirconium, niobium, tantalum, uranium, rare 
earths, arsenic, tin, antimony, zinc, and boron. Furnace re- 
fractories, scrap steel, and iron ore, as well as limestone and 
other fluxes, all may contribute minor-element impurities to 
the final steel. 

Washington (1930, p. 79-83) and Ahrens (1950, p. 38) 
discuss contamination of the rock sample by steel mortars and 
screens. Ahrens also gives a useful bibliography, which includes 
the subject of sample preparation for spectrochemical analysis. 

Sandell (1947, p. 652) gives some data on the amount of 
contamination by iron when quartz and feldspar are crushed 
in a Plattner mortar. He found that the samples after crushing 
contained the following contamination in parts per million: 
Fe 280, Mn 1.8, Cr 0.4, V 0.1, Ni 0.25, Co 0.1, Cu 0.35. 
During this crushing reasonable care was taken to avoid undue 
contamination. A decrease in contamination was noted when 
the collar of the mortar was not used. 

The present investigation was undertaken in the U. S. 
Geological Survey to find out whether pulverized rock samples 
are contaminated by metal grinders of the Braun or McCool 
type to a degree significant in spectrographic analysis. No 
attempt was made to investigate systematically the con- 
tamination due to separate types of crushing or pulverizing 
machinery. 

In an attempt to determine the extent of contamination 
resulting from the routine grinding procedure, several ex- 
periments were conducted and particular attention given to 
elements that are frequently studied by users of our spectro- 
graphic analyses. 

This work is part of a program undertaken by the Geolog- 
ical Survey on behalf of the U. S. Atomic Energy Commission. 


PREPARATION AND TREATMENT OF SAMPLES 


The investigation can be roughly divided into four ex- 
periments. In the first experiment two sets of rock samples (six 
hard rocks and six unconsolidated sediments) were handled so 
that each kind of sample was ground by two methods: the first 
method (Huleatt, 1950) was by heavy grinding machinery 
(routine grinding), and the second method was by bucking 
board (only when necessary) and agate mortar (control 
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grinding”) as shown in the flow diagrams, figures 1 and 2. 
An effort was made in the control grinding to keep steel or 
metal contamination at the lowest possible level. In the flow 
diagrams the six hard-rock samples are labeled group 1 and 
the six unconsolidated sedimentary samples are labeled group 
2. Quantitative spectrographic analyses were later made on 
these two sets of rock samples to demonstrate contamination. 


Group 1 


Six hard-rock samples: Mixture 
of quartz, pyrite, and altered 
igneous rock. 

i 
Reduced to % in. using buck- 
ing board as jaw crusher, and 
divided into two equal parts 
with Jones splitter. 


Routine grinding 


Control grinding* 

. Crushed in jaw crusher to 
in. 

. Split. 


Pulverized with a McCool 
type grinder, screened 
through — 20 mesh vibrating 
screen; over-sized particles 
sent back through. Process 
repeated until all passed 
through screen. 

. Mixed. 

. Split. 
Pulverized in a Braun type 
pulverizer and screened 
through — 80 mesh. 


Samples further crushed on 
bucking board; pulverizing ac- 
tion completed in agate mortar. 


*The process of control grinding probably added more steel filings to 
these samples than were added to the samples of group 2 by the same 
process (see control grinding, fig. 2). These rocks were so hard in com- 
parison that more abrasive action on the bucking board was unavoidable. 


Fig. 1. Flow diagram of treatment of hard-rock samples, group 1. 


2In the control grinding the bucking board was used as a crushing 
machine. Some grinding inevitably took place in the crushing process, but 
the spectrographic data for some of the steel elements clearly indicate that 
a significant control of contamination was effected. 
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In the second experiment a massive quartz sample and a 
quartzite sample were collected in large amounts; to all out- 
ward appearances each sample was uniform. In contrast to the 
first experiment, the rock was heated to 600°C and dropped 
into cold distilled water. The shattered fragments then needed 
very little crushing in a Plattner mortar before the final 
grinding in an agate mortar. This improved control grinding 
method added very little, if any, metal to the sample. Figure 3 
illustrates how the samples (group 3) were handled in this 
experiment. 

In the third experiment two carefully selected perthite sam- 
ples and one silica-sand sample were used to collect iron or 
steel filings from the heavy grinding machinery and the bucking 
board. The flow diagrams, figures 4 and 5, show the treatment 
given to these samples. Total iron was determined chemically on 
two samples of perthite that had been ground in the heavy 
grinding machinery and on two samples of silica sand, one 


Group 2 


Six unconsolidated —sedimen- 
tary samples: unconsolidated 
sands, silts, and clays. 


Reduced to —% in. with jaw crusher, 
divided into two equal parts with Jones 
splitter. 


Control grinding* 


Routine grinding 


1. Pulverized in a McCool type Larger, hard particles, consti- 


grinder and screened 
through —20 mesh vibrat- 
ing screen. 


2. Mixed and split. 


3. Pulverized in a Braun type 
pulverizer and screened 
through — 80 mesh. 


tuting only a small portion of 
the whole sample, removed by 
screening through cheesecloth 
and crushed on bucking board. 
Resulting powder returned to 
rest of sample and_ entire 
sample finely powdered in 
agate mortar. 


*Control grinding for the softer sedimentary samples probably added 
less bucking-board steel because less abrasive action was necessary to 
reduce the samples to size for finishing in the agate mortar. 


Fig. 2. Flow diagram of treatment of sedimentary samples, group 2. 


| 
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ground in the grinding machinery, the other on the bucking 
board. For purposes of comparison, total iron was also deter- 
mined on another part of these same samples that had been 
ground only in an agate mortar. These chemical results are 
given in table 1. The photographs in plate 1 show what grind- 
ing machinery does to a sample of white perthite. 


Group 3 


One quartzite sample and one 
quartz sample. 


| 
| 
Routine grinding Control grinding 
1. Crushed in jaw crusher to — % in. Samples heated to 600 C. 
2. Split. Crushing effected by 
quenching in cold dis- 
tilled water. Shattered 
fragments further 
crushed in Plattner mor- 
tar without collar and 
the final grinding or 
pulverizing action com- 
pleted in agate mortar. 


Pulverized in a McCool type grind- 
er, screened through — 20 mesh vi- 
brating screen; over-sized parti- 
cles sent back through. Process 
repeated until all passed through 
screen. 

Mixed. 

Split. 

Pulverized in a Braun type pul- 
verizer and screened through — 80 
mesh. 


Fig. 3. Flow diagram of treatment of quartzite 
and quartz samples, group 3. 
Tasie 1 


Chemical Analyses for Iron in Samples Ground by Hand, by 


Bucking Board, and by Routine Grinding 


Routine Bucking board — Hand grinding 
Sample grinding grinding only* in agate mortar 


No. Material (percent Fe) (percent Fe) 


(percent Fe) 


Perthite 
Perthite 
Silica sand 
Silica sand 

* This does not represent what is meant by control grinding in this paper; 
it represents the special grinding that was done to collect steel filings from 
the bucking board (see fig. 5). 


5. 
6. | | 
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The fourth experiment consisted of separation of iron 
filings from two perthite samples, the quartz and quartzite 
samples, and the silica-sand sample with an Alnico magnet. 
These iron filings were diluted, 1 to 4, in a quartz-perthite- 
hematite mixture and analyzed spectrographically for some of 
the steel elements (Ni, Mo, Cr, V, Co, Cu, Mn, and Sn). These 
spectrographic data are shown in table 2. The analysis was 


Group 4 


Two perthite samples (hand- 
picked for uniformity). 


Split with crushing into two parts. 


Routine grinding Control grinding 


Entire procedure as with Particles reduced by crushing in 
samples in group 1. Plattner mortar without the collar. 
Ground to fine powder in agate 

mortar. 


Fig. 4. Flow diagram of treatment of perthite samples, group 4. 


Group 5 


Pure silica sand 
(about 40 mesh) 


Routine grinding Special grinding* 


Went through Braun-type Ground to fine powder on buck- 

grinder (only) four times to ing board. Effort made to col- 
reduce to —80 mesh. lect sufficient steel filings for 
analysis. 


Control grinding 


Ground to fine powder using 
only agate mortar. 


*Special grinding means only that an effort was made to grind off 
sufficient bucking-board steel for spectrographic analysis. 


Fig. 5. Flow diagram of treatment of pure silica sand, group 5. 
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standardized by including a sample of U. S. Bureau of 
Standards steel (B.S.-807) diluted in like manner in a quart :- 
perthite-hematite mixture. 


DISCUSSION OF RESULTS 


Inasmuch as there is a demand for both quantitative and 
semiquantitative spectrographic determinations of trace ele- 
ments, the contamination data obtained are here discussed on 
the basis of those two methods of determination. 


Quantitative spectrographic analysis 


(At least one significant figure) 


After the samples were pulverized by the two methods of 
grinding (control and routine), quantitative spectrographic 
analyses of the samples in groups 1 and 2 were compared to 
determine whether there were any differences between the 
elements that occur in steels after routine grinding and those 
that occur after control grinding. 

The quantitative data, given to at least one significant 
figure, are presented in tables 3 and 4. A densitometer was used 
to obtain these data. Sample 1A is compared with sample 1B; 
sample 2A is compared with sample 2B, 3A with 3B, etc., 
through 12A with 12B. As explained in these tables, the A 
samples were subjected to routine grinding and the B samples 
to control grinding. Differences found, if any, between the 
elements in the A and the B samples after grinding are used as 
a criterion of sample contamination. 

In table 5 quantitative results are shown on a massive 
quartz sample and a quartzite sample that were subjected to 
a routine and a control grinding. As previously indicated, an 
improved technique was used for the control grinding of these 
samples. (See figure 3.) In table 5 sample 13A is compared 
with sample 13C, and 14A is compared with 14C. As explained 
in this table, the A samples were subjected to routine grinding 
and the C samples to control grinding. 

Tables 3 and 4 show that seven elements were determined 
quantitatively for the six sample comparisons in each table. 
If all seven elements for all six comparisons showed con- 
tamination due to routine-grinding procedures, a total of 42 
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comparisons in each table would yield quantitative evidence of 
such contamination. Actually our data show that contamina- 
tion due to routine grinding occurs in 19 comparisons for the 
six hard-rock samples and in 29 comparisons for the six un- 
consolidated sediments. Only four comparisons—one for mo- 
lybdenum and three for copper—showed greater contamina- 
tion by control grinding; all these occurred in the first group 
of samples (table 3). The increases in metal content due to 
routine grinding shown in tables 3 and 4 are summarized in 
table 6. 

The quantitative data presented in table 5 show further 
evidence of sample contamination by heavy grinding machin- 
ery. Comparison of the data in tables 3, 4 and 5 shows the 
contamination of these three groups of samples to be of rough- 
ly the same order of magnitude (except for Mn in the hard 
rocks), even though control grinding was not under perfect 
control for the rock samples of tables 3 and 4. 

It must be emphasized that each of the three groups of 
samples was ground at different times—weeks and months 
apart—by the heavy grinding machinery (routine grinding) 
so that different grinding plates varying in composition were 
undoubtedly involved. No direct analysis was made of the 
different grinding plates. However, the data in table 2 indicate 
that there are differences in composition of the “tramp iron” 
or steel filings that were separated from the samples by the 
Alnico magnet. Samples 4 and 5 in table 2 were ground by the 
same steel plate; the analysis of their filings shows an identi- 
cal composition. 


Semiquantitative spectrographic analysis 


(Powers of 10) 


In semiquantitative determinations (table 7) on the six 
sample comparisons of group 1, it is clear that the increased 
metal content was due to routine grinding with the exception 
that preparation by control grinding caused an increase in 
Mo content for one comparison. The number of comparisons 
showing specific metal increases due to routine grinding are 
as follows: 3 for Ni; 2 for Mo; 1 for Cr; and 1 for Mn—a 
total of 7 comparisons. 
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TABLE 6 


Number of Sample Comparisons by the Quantitative Method that 
Show Increased Metal Content due to Routine Grinding 


Group 1 Group 2 
(Six hard-rock (Six unconsolidated 
Element samples) sedimentary samples) 


5 
4* 


3 
1 
2 
0 
4 


Mn... 


19 


Total 
* Preparation by control grinding caused an increase in Mo content for 
one other sample comparison and an increase in Cu for three sample 
comparisons. 


Note: A densitometer was used to obtain quantitative data to show 
differences, if any, in the actual metal content between the two methods 
of pulverizing the rock sample. The actual metal content is shown to at 
least one significant figure in tables 1 and 2. 


TABLE 7 


Number of Sample Comparisons by the Semiquantitative Method 
that Show Increased Metal Content due to Routine Grinding 

Group Group 2 

(Six hard-rock (Six unconsolidated 

Element samples ) sedimentary samples) 


Ni 
Mo 
Cr 
Co 
Cu 
Mn 


Total . 
* Preparation by control grinding caused an increase in the Mo content 
for one other sample comparison. 


Note: The quantitative data of tables 3 and 4 are here converted to 
a semiquantitative or order-of-magnitude basis. The order of magnitude 
is expressed by x.0, 0.x, or 0.00x, etc. The number 3 in column one opposite 
Ni means that of six sample comparisons for Ni three comparisons showed 
an increase in the order of magnitude due to routine grinding. 
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TaBLe 8 


Radiometric and Chemical Analyses for Uranium to Determine 
Contamination of Samples by Routine Grinding 


Group 1 samples Group 2 
(Hard rocks) ————— -— (Unconsolidated sediments) 
Sample no. %eU* %U** Sample no. %eU* % U* 


0.0011 
0.0011 


Group 3 samples 
(One quartzite; one quartz) 
Sample no. 


* Radiometric determinations by Sylvia Furman, U. S. Geological Survey. 


** Chemical U determinations by George Boyes and Wayne Mountjoy, 
U. S. Geological Survey. 


+ Because of low eU, uranium was not determined chemically. 


Comparisons of the six samples of group 2 show that the 
increased metal content is entirely due to routine grinding. 
The number of comparisons showing specific metal increases 
are as follows: 4 for Ni: 6 for Mo; 2 for Cr; 2 for Co; 
2 for Cu; and 1 for Mn—a total of 17 comparisons. 


Radiometric and chemical analysis for uranium 


Radiometric and chemical analyses were made of all the 
samples of groups 1, 2, and 3 to determine whether uranium 
was added to the samples as a contaminant in the routine grind- 
ing procedure. The results in table 8 show that under the con- 
ditions of grinding of the above samples no uranium was added. 


0.003 0.0007 0.023 0.047 
0.006 0.0008 0.005 0.006 
0.006 0.0009 0.005 0.004 
0.005 0.0009 0.006 0.005 
_ 0.004 0.0008 0.007 0.006 
0.001 0.0010 0.087 0.081 

0.004 0.0015 0.003 0.000 
0.004 0.0016 0.004 0.000 
0.001 
0.000 
0.000 
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CONCLUSIONS 


Contact with steel may result in the contamination of rock 
and ore samples ground by pulverizers of Braun or McCool 
type. Although the idea of sample contamination in this 
process is not new, no significant quantitative data had been 
presented to show the relative importance of the minor-element 
increase under routine working conditions. Contamination may 
occur, at least for the elements Co, Cu, Cr, Fe, Mn, Mo, Ni, 
and V, when samples are subjected to the usual mechanical 
grinding. The steel plates of the machinery are the main source 
of these elements as contaminants, and the element Fe may be 
added to the sample in amounts even larger than shown 
in this study. 

The results suggest that a bucking board could also intro- 
duce many of the same minor elements that contaminate rock 
samples pulverized in the usual way. The nature and quantity 
of contaminating elements, however, may vary widely depend- 
ing upon the composition of the steels in the grinding machin- 
ery that are in contact with the rock sample during the pul- 
verizing action. Other factors governing the amount of con- 
tamination are the extent of the abrasive action and the 
hardness of the rock, as well as the length of time of contact 
between steel and rock particles. 

When a feldspar (perthite) and silica sand are used as a 
test material on the heavy grinding machinery, the amount of 
iron accumulated as a contaminant was 1.2 percent for silica 
sand, and it ranged from 0.5 to 0.6 percent for perthite. 

When samples are to be analyzed spectrographically for 
minor or trace elements, great care should be exercised in 
handling the samples to prevent contamination. 

The use of a Braun-type grinder with one set of grinding 
plates added certain elements as contaminants to samples of 
quartz and quartzite in the following amounts (parts per 
million): Quartz sample - Cr 10, Mo 20, Cu 10, Co 3, Ni 60, 
Mn 100, V 7, and Fe 15,000; quartzite sample - Cr 9, Mo 10, 
Cu 20, Co 20, Ni 30, Mn 60, V 5, and Fe 9,000. 

Iron or other metals may also have been added to rock 
samples during collection in the field (from chisels, hammers, 
and galvanized containers); such contamination should be 
avoided as much as possible. When using a sample from a drill 
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core, one should recognize that metal from the drill is probably 
added to the exterior surface of the sample. 
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APPENDIX 
SPECTROGRAPHIC METHOD 


Apparatus 
Excitation source Multisource d-e are. 
Spectrograph 21-ft Wadsworth-mounted grating. 
Intensity control Neutral filters. 
Densitometers Nonrecording. 
Development equipment Gallon tank, plate washer, and drier. 
Electrode cutters i a. Tool designed (A.T. Myers) to cut 
in. lower electrodes (outside diam 
0.24 in.; inside diam 0.22 in.; depth of 
crater 0.16 in.; depth of shoulder 0.40 
in.; bottom of cavity is an inverted, 
flattened, truncated cone). 
. Tool designed to cut hemispherically 
tipped upper electrode. 


The following multisource and plate-processing conditions 
were used: 


Procedure 


Capacitance 60 microfarads 

Inductance 400 microhenries 

Resistance 15 ohms 

Initiator Low 

Phase 90° 

Strike Strike position 

Amperes 12 

Spectrograph 21-ft Wadsworth-mounted grating 


830 A. T. Myers and Paul R. Barnett 


Distance from 


electrode to slit 72.2 cm 
Slit 25 microns 
Optics Are image focused on grating 
Emulsion (Eastman) 
Development + min at 20 C + 14 C, DK50 
Gap 5 to 6 mm 
Transmission 50 percent 


A 10-mg charge of each unknown sample was weighed on a 
torsion balance, mixed thoroughly with two parts of pure 
graphite in the weighing pan, and transferred to the electrode 
cavity. The samples were arced for 120 sec and the spectra 
recorded on III-O Eastman plates. 

Standards containing six or eight elements in concentra- 
tions of 1.0, 0.32, 0.1, 0.032, 0.01, 0.0032, 0.001, and 0.00032 
percent were prepared in a powdered matrix of pegmatitelike 
composition consisting of 4 parts of perthite, 6 parts of quartz, 
and 0.1 part of hematite. A 10-mg charge of each standard 
was weighed out and treated like the above unknown samples. 
The spectra of these standards were recorded on plates 


re- 
ferred to as standard plates—under the same conditions used 
for the unknown samples. 

The spectra of the unknown samples were analyzed by two 
methods found useful in trace-elements work. In the semiquan- 
titative method visual matches are made between a given line 
of the unknown sample and the same line on the standard 
plate. The results are expressed in powers of 10. In the quan- 
titative method analytical curves are drawn from the standard 
plates and from standards exposed on plates with the samples 
by plotting the densitometer reading of light transmission for 
a given element line against element concentration. The 
densitometer values of light transmission for the same element 
line in the unknown sample are obtained and the concentration 
of that element is determined from the analytical curve. The 
results are expressed to at least one significant figure in tables 
3 and 4+. The rock samples of groups 1 and 2 were analyzed 
by both methods for Ni, Mo, Cr, Co, V, Cu, and Mn. The rock 
samples of group 3 were analyzed for these elements by the 
quantitative method only. 


3 The preparation of the standards is patterned after a method in use 
by K. J. Murata, U. S. Geological Survey. 
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DISCUSSION 


We have read with great interest in the November 1952 
issue of the American JouRNAL OF Science the paper by 
O. J. Koop about the Alés Plain hills in southern France (A 
Megabreccia Formed by Sliding in Southern France, Vol. 250, 
p. 822-828). In our opinion, it was worth drawing the attention 
of your readers to this region, in spite of its remoteness and 
small extent, if only because of the considerable efforts made by 
several generations of geologists to explain its structure. The 
latest detailed survey, which is still unpublished, was made by 
the petroleum geologists of the Société Nationale des Pétroles 
du Languedoc Méditerranéen. 

Having studied the region for a long while and compared the 
various interpretations, we think that Mr. Koop’s theory can- 
not be admitted. However, we do not want to contest the part 
that megabreccias formed by sliding may have played elsewhere. 

Without going into detail about particular localities because 
they would not interest your readers, we can say that in many 
points of the Alés hills, which stand in the middle of a lacustrine 
Oligocene basin, fossiliferous and stratigraphically undisturbed 
Hauterivian outcrops certainly exist. This Hauterivian is local- 
ly dislocated by faulting, but it is elsewhere intact. 

The Urgonian, where it is underlain by the Hauterivian in 
the hills bordering the Oligocene basin to the northwest, is in 
many places extremely broken by tectonic dislocations. Hence, 
from analogy, we think that some Urgonian breccias, lying on 
the Hauterivian of the hills, represent “in situ” witnesses of 
this broken Urgonian. 

At one point the cement of the Urgonian breccia is red, is 
made of rounded quartz, and yields a suite of heavy minerals 
very different from the ones characterizing the Stampian in 
the region under consideration and probably characteristic, of 
the Eocene. Also, we consider that, along with the tectonic 
phenomena, surface alteration—probably karstic dissolution— 
contributed to form the breccias topping the Hauterivian out- 

: crops during the long emersion period which preceded the Oligo- 
cene lacustrine sedimentation. 

The elements of these breccias were still further altered during 
the deposition of the Oligocene. They furnished the rounded 
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cobbles of the conglomerates, which are interstratified in the 
Oligocene, and which are particularly abundant around the hills. 
Also, they supplied the sharp and bigger pieces, which accumu- 
lated in more or less extended lenses during the Oligocene. 
Figure 2 of plate 1 of Mr. Koop’s paper shows one of these 
layers of breccia, cemented by Stampian clays, lying conform- 


ably on the undisturbed marly beds of very massive breccia, 
without argillaceous cement, overlying the Stampian; there may 
be a slight unconformity, but the general dip is consistently to 
the northwest. It seems that longitudinal fractures were active 
during the Oligocene and modified the relations between the 
Cretaceous outcrops and the surrounding breccias. There are 
also a few small faults. 

One of us, and other workers, had tried formerly, just as 
Mr. Koop did, to interpret the structure of the whole of these 
hills by a uniform mechanism, trying to generalize the evidence 
gathered here and there. If such a general theory were possible, 
an agreement would probably have occurred already. 

On the contrary, the most detailed surveys have proved the 
complexity of the problem; in addition to the Cretaceous out- 
crops in situ, there are side by side other breccias of different 
origins and ages. In some places it is possible to recognize 
these various origins, but in other places some doubts remain, 
and we ourselves could interpret some of these points differently ; 
but we all agree that recent slidings have played a very small 
part. The material of the breccia seems to come from the 
Cretaceous outcrops and could have been sufficient to supply 
the slides that occurred in the Oligocene but not those in the 
Quaternary, because the little relief which shows above the 
plain level is due only to dissection by erosion. 

Let us add that the position of the outcrops in situ of the 
Hauterivian, and of the overlying Urgonian, seems to harmonize 
with the general structure of the region. 

Maurice Marnovuy Jean 

Maurice Gortis 

Bureau ve Recuercues GEOLOGIQUES 
Soctere NATIONALE pes et GroPHYsiQues 
pu LaNGuevoc 


France 
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REVIEWS 


Albert Heim, Leben und Forschung; by Mariz BrockMaNnn- 
Jeroscu, Heim, and Heten Heim. Pp. 268, 11 figs., 15 
plates. Basel, 1952 (Wepf & Co., 18.50 Swiss franes).—-An 
admiring pupil, his son, and his daughter edited together the 
biography of one of the greatest geologists of all time. His influence 
on geological methods, in particular in Europe and from there also 
in the U. S., has been and still is, through his own pupils, most 
important. We must be very grateful to the authors for undertaking 
the difficult task of working through the voluminous personal papers, 
containing letters, reports, articles, books, etc., in order to give us 
an insight into the life of this remarkable man. They did not give 
us a work of literary value, neither did they give us a scientific 
treatise, nor will one learn much about geology, but by stating in 
a clear and very matter of fact style the different activities of their 
father and master they certainly succeeded in giving us a picture 
of the man himself. 

Albert Heim was one of the purest examples of the idealistic 
materialists of the end of the 19th century. A fervent teetotaller 
and non-smoker, he believed with all of his righteous soul that the 
world was getting better and better by the simple effort of study and 
performance of enlightened men of science. Such men can_ be 
extremely trying, and there is many an evidence in the book that 
Heim was just that, but by virtue of their unshakable conviction, 
their unremitting effort and their very singlemindedness, their 
influence was very great and widely felt. It is from Heim that we 
have learned to observe, to trust nothing but what we have seen with 
our eyes and struck with our hammer, it is from him that we have 
learned to draw careful sections, to construct trustworthy maps. 
Nobody has surpassed him yet in the art of representing geological 
Nature in panoramic views, sections, and reliefs. As a teacher at 
the University of Ziirich and as the director of the Swiss Geological 
Survey he was for a long time the central figure in the geological 
study of his native country and made it the outstanding example 
for the whole world of what could be accomplished and how. He 
became the father of modern mapping methods, the good genius 
of every field geologist. 

He was no philosopher, and his contribution to the more theoreti- 
cal sides of geology has been small, but he provided the material 
to work on. His early work, the Mechanismus der Gebirgsbildung, 
Basel, 1878, is without doubt a masterpiece and perhaps his most 
philosophical one, and certainly a revolutionary work in its time. 
His views were based on the careful mapping of the Tédi-Wind- 
giillen Mountains in which the central Aarmassif and its sedimentary 
cover are disclosed. This work was followed in 1891 by the Geologie 
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der Hochalpen zwischen Reuss und Rhein in which the techniques 
of mapping and representing the results in sections and drawings 
were fully developed. In 1905, after Schardt and Lugeon, his own 
pupils, from 1893 to 1903 had recognized the true nature of the 
large Helvetian nappes, which he himself had explained formerly 
as a twosided recumbent fold, he published his famous Sdantis 
Gebirge, where the nappes were fully recognized. 

In 1911 Albert Heim, 62 years old, decided to retire as pro- 
fessor and to dedicate his remaining years to the Geological Survey 
and the writing of his most famous book, the Geologie der Schweiz, 
in three volumes. This large last work was finished only in 1922 
and has become a standard work in every respect. 

The biographers have taken elaborate pains to enlighten us on 
many other aspects of the life of this very public-minded scientist, 
his love of dogs, his interest in cremation, his many and diverse 
consulting activities, even a long lawsuit in which be became 
entangled, many of them of only minor interest. 

I presume that his son, a well-known professional geologist him- 
self, partly wanted to write a justification of his father’s con- 
troversial personality, the controversy which remained unknown 
beyond the frontiers of the town of Ziirich and Switzerland and 
even there has been forgotten long ago. But we may be thankful 
for this urge because it has given us this biography of one of our 
greatest masters. L. U. DE SITTER 


Waves and Tides; by R. C. H. Russert and D. H. MacMitran. 
P. 348; 16 pls., 102 figs. New York, 1953 (Philosophical Library, 
$6.00).—This volume really consists of two short separate books, 
one on waves by Mr. Russell, and one on tides by Commander Mac- 
Millan. They supplement each other well, however, and it is con- 
venient to have them bound together. 

In each case the treatment is neither sensational nor exhaustive ; 
they are addressed neither to the Sunday Supplement reader nor 
to the research worker in waves and tides but to laymen or to 
scientists in other fields who might wish to learn something about 
the present state of knowledge of these phenomena and who are not 
afraid of uncolored expository writing or elementary graphs and 
formulae. For such persons the volume may be highly recommended. 
The authors, both British and both currently working in their re- 
spective fields, have drawn on recent publications as well as on 
classic treatises, and they have frankly discussed the many still 
debated points in theory or its application, showing not only what 
we know with fair assurance but what remains to be learned. 
Geologists interested in waves and tides and their work (and who 
are not?) will find this book a good introduction to the subject. 

JOHN RODGERS 
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Invertebrate Fossils ; by Raymonp C. Moore, Cecit G. Lavicker, 
and Avrrep G. Fiscuenr. P. xiii, 766; 455 figs. New York, 1952 (Mc- 
Graw-Hill Book Company, $12.00). Principles of Invertebrate Pale- 
ontology; by Rosert R. Surock and H. Twenuore P. 
xx, 816; 479 figs. New York, 1953 (McGraw-Hill Book Company, 
$12.00).—These two new textbooks and the first two volumes of 
the impressive T'raité de Paleontologie, directed by Jean Piveteau, 
have appeared within a year, initiating a period of publication that 
can conceivably become a milestone in the documentation of in- 
vertebrate paleontology. Instructors are now confronted with a 
choice of texts; heretofore Twenhofel and Shrock’s Invertebrate 
Paleontology had the field largely to itself. The Principles, first 
draft of which was prepared by Shrock, is a complete rewriting 
and considerable enlargement of this older text. Invertebrate Fossils 
is an entirely new book. The price of the books, $12.00 each, is un- 
fortunately high for students and will doubtless encourage con- 
tinued sale (also by McGraw-Hill) of the older, cheaper Inverte- 
brate Paleontology. The new texts differ considerably in their class- 
ification and treatment of invertebrate groups and to some extent 
supplement rather than compete with one another. It is not, how- 
ever, with the technical subject matter that this review is con- 
cerned, but with the value of the two books as texts. 

Both of the new texts treat their subject in conventional system- 
atic fashion but show marked individual differences in emphasis 
and presentation. Invertebrate Fossils stresses hardpart morphology 
and leans to the stratigraphic approach. The attention it gives to 
morphologic detail is reflected in a profuse use of technical terms. 
Inasmuch as the authors claim that no “previous zoologic study is 
assumed,” the amount of zoologic material seems inadequate even 
allowing for the stratigraphic slant. In light of this scanty 
zoologic treatment, the elaborate annotated Classification of Animals 
on page 17 is hardly justified and can have little meaning for a 
student lacking zoological training. The writing is uniform in style, 
possibly because the presentation is uniformly positive. Source 
material is listed in partially annotated bibliographies at the end 
of each chapter; few references to vriginal sources are made in 
the text. 

Principles devotes a considerable portion of its text on each 
group to characteristics of living representatives and other pertinent 
zoologic material. Discussion of controversial subjects and care- 
ful documentation, either by footnote or reference to extensive 
bibliographies at the end of each chapter, makes the subject seem 
dynamic. Unfortunately, this wholesome effect is largely counter- 
acted by involved explanation, indiscriminate use of detail, and 
interruption of continuity by the excessive use of footnotes. Many 
of the footnotes could just as well have been incorporated in the 
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text, and those with nonessential detail, such as the 12-line footnote 
on page 267 discussing the merits of feminine versus neuter endings 
on the term puncta, seem superfluous. 

Both texts are profusely illustrated. The 479 figures in Principles 
include both photographs and line drawings. The 455 figures in 
Invertebrate Fossils, with the exception of a photograph for the 
first figure in the book, are all line drawings. These drawings are 
done in heavy lines and are not uniformly good; they are too bold 
to be attractive and some may find the uniformity monotonous. 
The illustrations include 168 figures of guide fossil genera which, 
with their annotated explanations, occupy over 200 pages. This 
catalogue of guide fossils is interleaved with the text in the appro- 
priate systematic divisions but is not otherwise related to the 
subject matter. 

A comparison of the texts reveals that Invertebrate Fossils, 
which is primarily for undergraduate instruction, contains more 
morphologic terms than the Principles, which is largely intended 
for graduate instruction. Some comparative counts of terms from 
descriptive parts of the texts follow, Invertebrate Fossils listed 
first: trilobite morphology 65 to 53, pelecypod shells 95 to 65, 
crinoid parts 88 to 65. The number of terms confronting the 
student who reads Invertebrate Fossils is overwhelming and is 
detrimental to the value of the book as a text. The Principles em- 
ploys a somewhat more moderate terminology but is guilty of 
duplication of terms. In the chapter on Echinodermata, madreporite, 
water pore, and hydropore are used interchangeably; and _ fol- 
lowing the definition of “tube feet or podia” the former term is em- 
ployed 5 times, the latter 3. It is also confusing to have the food- 
gathering system of pelmatozoans called the subvective system on 
one page and convective system on another and although this may be 
a typographical error, other instances of loose usage are not. After 
twice defining brachioles and “‘arms or brachia’’ as quite distinct 
from one another, it is said about one pelmatozoan group that “the 
arms have the form of biserial brachioles.” 


The majority of deficiencies in the two texts results either 
directly or indirectly from the fact that the books attempt to be 
both texts and reference works and, failing to be either, fall some- 
where in between. Principles possesses virtues in its broader, more 
carefully documented approach, and judged solely on subject mat- 
ter is the preferable text for advanced courses. But the encyclopedic 
treatment leads to an indiscriminate mixture of specialized and 
general subject matter that renders the book exceedingly difficult 
to adapt to undergraduate courses by selective assignments. Lack 
of balance also results from the encyclopedic tendency. The chapter 
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on brachiopods is an example; in it, 24 pages are devoted to “the 
animal.’’ Such a compilation has considerable value, but its place is 
in a treatise rather than a text. Although it avoids positivism, 
Principles is certainly not as lucidly written as Invertebrate Fossils; 
it is prone to involved discussions that result primarily from attempts 
to be all-inclusive. 

The somewhat introspective preface to Invertebrate Fossils 
makes the statement that the book “is planned as a text book, not 
a reference work.” The authors are wise to emphasize this point 
because the reader cannot help but get the impression that it is a 
manual as much as it is a text. Contributing to this impression are 
the positive style of writing, the uniformity of illustration, the many 
plates of guide fossils, and the profuse terminology. Invertebrate 
Fossils is not a cut-and-dried reference work, but by leaning as 
far as it does in this direction it deprives the subject of its vitality, 
a fairly serious deficiency in a text written for the under- 
graduate level. 

To have two new books in the field of invertebrate paleontology 
is gratifying and their differences in classification and treatment 
will stimulate discussion, but it is frustrating to find that neither 
makes a completely satisfactory textbook at any level of instruction, 
The principal reason for this, in summary, is the tendency toward 
the reference work evident in both books and the attendant over- 
emphasis on terminology and detail. In the reviewer's opinion 
Invertebrate Fossils is more suitable for the undergraduate level 
because of its general treatment and lucid prose, whereas Principles 
is more suitable for the graduate level because of its broader 


zoological approach and careful documentation. “i wade 


The Origin and History of the British Fauna; by B. P. Bemne. 
Pp. xii, 164; 60 figs. London, 1952 (Methuen & Co., Ltd., 18 s). 
This short work is an account of the zoogeography of the British 
Isles, an area of particular importance, both from the intrinsic in- 
terest of the problems posed by the distributions of its animals 
and because of the unparallelled wealth of local faunistic informa- 
tion available. Dr. Beirne is primarily a student of the Lepidoptera 
and he has treated the voluminous evidence provided by that group 
with great skill. Other groups are used less successfully; the ex- 
traordinary case of the white-toothed shrew Crocidura cassiteridum 
of the Scilly Islands, a member of a genus not known, fossil or 


living, in the rest of Britain is not mentioned. In general, groups 
yielding recognizable fossils are not adequately employed in the dis- 
cussion, This is most unfortunate in view of Beirne’s idea that many 
widespread species, such as the viper, formerly inhabited Ireland 
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but became extinct there. In respect to the widely held belief that 
other theories can account for such absences, far more attention 
should have been given to fossil evidence. Moreover, outside the 
Lepidoptera, and the birds (for which the British Ornithological 
Union maintains critical standards), some of the finer taxonomy 
employed is a little naive. 

Dr. Beirne adopts the sensible view that practically the whole 
of the British fauna arrived during or after the last interglacial 
(Riss-Wiirm). He supposes that during the subsequent stadia of 
the last glacial (Wiirm-Wisconsin) several important refuges on 
areas now mainly submerged were occupied by more or less 
isolated populations in the extreme west (Celtic Land), the south 
(Channel Land), the Irish Sea (Cambrian Land), and the North 
sea (Dogger Land). Subspecific differentiation in these isolated 
populations is supposedly reflected in the present distribution of 
subspecies. There can be no doubt that his analysis of certain avian 
and lepidopteran distributions in these terms is a contribution to 
west-European zoogeography of great importance. Though the book 
is not the definitive work that one may ultimately hope for, it is a 
significant contribution that will be used by everyone interested in 
the matter. G. E. HUTCHINSON 


PUBLICATIONS RECENTLY RECEIVED 


Papers of the Peabody Museum of American Archaeology and Ethnology, 
Harvard University: Vol. 40, No. 4, Ethnobotany of the Ramah 
Navaho; by P. A. Vestal ($2.50); Vol. 46, Nos. 2 and 3, The Anthro- 
pology of Iraq, Part 2, Nos. 2 and 3; by Henry Field ($6.85); Vol. 
47, No. 1, Culture; by A. L. Kroeber and Clyde Kluckhohn ($5.25). 
Cambridge, Mass., 1952 (Peabody Museum). 

Geology and Ground-water Resources of the North Fork Solomon River in 
Mitchell, Osborne, Smith, and Phillips Counties, Kansas; by A. R. 
Leonard. Kansas Geological Survey Bulletin 98. Lawrence, 1952 
(University of Kansas). 

Plant Anatomy; by Katherine Esau. New York, 1953 (John Wiley & Sons, 
Inc., $9.00). 

Geology of Ouachita Parish: by Kia Kang Wang. Louisiana State Survey 
Geological Bulletin 28. Baton Rouge, 1952. 

Boundary of the Pennsylvanian and Permian (?) in the Subsurface Scurry 
Reef, Scurry County, Texas; by W. A. Heck, K. A. Yenne, and L. G. 
Henbest. Texas Bureau of Economic Geology Report of Investigations 
13. Austin, 1952 (University of Texas, $ .30). 

Reports of the Swedish Deep-sea Expedition, 1947-1948; edited by Hans 
Pettersson. Vol. 2, Fasc. 1, Zoology (Kr. 25); Vol. 3, Fase. 1, Physics 
and Chemistry (Kr. 15); Vol. 5, Fasc. 1, Parts 1 and 2, Sediment 
Cores from the East Pacific; by Gustav Arrhenius (Kr. 75). Gothen- 
burg, 1951-1952 (Oceanografiska Institutet). 

Cytochemistry, A Critical Approach; by J. F. Danielli. New York and 
London, 1953 (John Wiley & Sons, Inc., and Chapman & Hall, Ltd., 
$4.00). 
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Encyclopedia of Chemical Reactions, Vol. V; C. A. Jacobson, Editor. New 
York, 1953 (Reinhold Publishing Corporation, $15.00). 

Qualitative Analysis and Analytical Chemical Separations; by P. W. West, 
M. M. Vick, and A. L. LeRosen. New York, 1953 (The Macmillan Com- 
pany, $3.75). 

Utah Geological and Mineralogical Survey Bulletins as follows: 43, Eastern 
Sevier Valley, Sevier and Sanpete Counties, Utah; by C. T. Hardy, 
$1.00; 45, Geology of the Selma Hills, Utah County, Utah; by J. K. 
Rigby, $1.50; Lower “x Trilobites from Western Utah and 
Eastern Nevada; by L. F. Hintze, $4.00. Salt Lake City, 1952 (Univer- 
sity of Utah). 

U. S. Geological Survey: 72 Topographic Maps. 

Structural and Field Geology; by James Geikie. Sixth ed., revised by 
Robert Campbell and R. M. Craig. Edinburgh, 1953 (Oliver & Boyd, 
Ltd., 37s 6d). 

Saudi Arabia, 2d ed.; by K. S. Twitchell. Princeton, New Jersey, 1953 
(Princeton University Press, $5.00). 

Waves and Tides; by R. C. H. Russell and D. H. Macmillan. New York, 
1953 (Philosophical Library, $6.00). 

The Origin and History of British Fauna; by B. P. Beirne. London, 1952 
(Methuen & Co., Ltd., 18s). 

Geometry and the Imagination; by D. Hilbert and S. Cohn-Vossen. New 
York, 1952 (Chelsea Publishing Company, $5.00). 

The Stars are Yours, revised ed.; by J. S. Pickering. New York, 1953 
(Macmillan Company, $3.95). 

Carnegie Institution of Washington Year Book No. 51, 1951-1952. Washing- 
ton, 1952 ($1.00, paper bound, $1.50, cloth bound). 

U. S. Geological Survey Water-supply Papers as follows: 1133, Quality of 
Surface Waters of the United States, 1948 ($1.00); 1138, Geology and 
Ground-water Resources of Comal County, Texas; by W. O. George, 
S. D. Breeding, and W. W. Hastings. Washington, 1952. 

U. S. Geological Survey Bulletins as follows: 988-C, Uranium in the East 
Walker River Area, Lyon County, Nevada; by M. H. Staatz and H. L. 
Bauer, Jr. ($ .35); 988-D, Distribution of Uranium in Rich Phosphate 
Beds of the Phosphoria Formation; by M. E. Thompson (§ .15). 
Washington, 1953. 

U. S. Geological Survey Professional Papers as follows: 243-A, Ostracodes 
from the Upper part of the Sundance Formation of South Dakota, 
Wyoming, and Southern Montana; by F. M. Swain and J. A. Peterson 
($ .85); 248-A, Mica Deposits of the Southeastern Piedmont, Part 1, 
General Features; by R. H. Jahns, W. R. Griffitts, and E. Wm. Hein- 
rich ($1.25) ; 248-B, Part 2, Amelia District, Virginia; by R. W. Lemke, 
R. H. Jahns, and W. R. Griffitts ($ .60) ; 252, The Hydraulic Geometry 
of Stream Channels and Some Physiographic Implications; by L. B. 
Leopold and Thomas Maddock, Jr. ($ .35). Washington, 1952 and 1953. 

Prospecting for Uranium (revised October 1951). U. S. Atomic Energy 
Commission and U. S. Geological Survey, publishers. Washington, 1951 
(Government Printing Office, $ .45). 

U. S. Geological Survey: 122 Topographic Maps. 

Physical Chemistry of Metals; by L. S. Darken and R. W. Gurry. New York, 
1953 (McGraw-Hill Book Company, $8.50). 

Physical Chemistry for Colleges, 7th ed.; by E. B. Millard. New York, 
1953 (McGraw-Hill Book Company, $6.00). 

The Scientific Adventure; by Herbert Dingle. New York, 1953 (Philosophi- 
cal Library, $6.00). 


$40 Publications Recently Received 


Aspects of Sedimentation in Lake Waco, Waco, Texas; by V. H. Jones and 
RK. E. Rogers. U. S$. Dept. Agriculture Soil Conservation Service, Fort 
Worth, Texas. 

Peru, Instituto Nacional de Investigacion y Fomento Mineros Boletins, as 
follows: 4, Datos Sismol6gicos del Perfi, 1949-1950. 5, Geologia del 
Distrito Mercurifero de Huancavelica; by Jaime Fernandez C., R. G. 
Yates, and D. F. Kent. 6, Anuario de la Industria Minera en el Pert, 
1951. Lima, 1952. 

Report of the Seventh Science Congress, Christchurch, May 15-21, 1951; 
M. A. Black, Honorary Editor. Christchurch, 1953 (Royal Society of 
New Zealand). 

Flora Mesozsica Portuguesa, Parts 1 and 2; by Carlos Teixeira. Lisbon, 
1948-1950 (Servicos Geolégicos de Portugal). 

Les Vertébrés du Burdigalien Supérieur de Lisbonne; by Georges Zbyszew- 
ski. Lisbon, 1949 (Servicos Geologicos de Portugal). 

Methods and Principles of Systematic Zoology; by Ernst Mayr, E. G. 
Linsley, and R. L. Usinger. New York, 1953 (McGraw-Hill Book 
Company, $6.00). 

Africa, A Study in Tropical Development; by L. D. Stamp. New York 
and London, 1953 (John Wiley & Sons, Inc., and Chapman & Hall, 
Ltd., $8.50). 

Bibliography of Utah Geology to December 31, 1950; by W. R. Buss. Utah 
Geological and Mineralogical Survey Bulletin 40. Salt Lake City, 1951 
($4.00, paper cover). 

America’s Ancient Civilizations; by A. H. Verrill and Ruth Verrill. New 
York, 1953 (G. P. Putnam’s Sons, $5.00). 

A Textbook of General Botany, 5th ed.; by G. M. Smith, E. M. Gilbert, 
G. S. Bryan, R. I. Evans, and J. F. Stauffer. New York, 1953 (Mac- 
millan Company, $6.25). 

Experimental Nuclear Physics, Vol. 1; E. Segre, Editor. New York and 
London, 1953 (John Wiley & Sons, Inc., and Chapman & Hall, Ltd., 
$15.00). 

Understanding Iowa Soils; by R. W. Simonson, F. F. Riecken, and G. D. 
Smith. Dubuque, lowa, 1952 (Wm. C. Brown Company, $3.00). 
Geology, Mineral Resources, and Ground-Water Resources of Lyon County, 
Kansas. Part 1, by H. G. O'Connor; Part 2, by H. G. O'Connor, E. D. 
Goebel, and Norman Plummer; Part 3, by H. G. O’Connor. Kansas 

State Geological Survey Vol. 12. Lawrence, 1953. 

Spadework in Archaeology; by Sir Leonard Woolley. New York, 1953 
(Philosophical Library, $4.75). 

The Liassic Ironstones; by T. H. Whitehead, W. Anderson, Vernon Wilson, 
and D. A. Wray; with contributions on petrography by K. C. Dunham. 
Great Britain Geological Survey Memoir. London, 1952 (Her Majesty’s 
Stationery Office, £ 1 5s Od). 

Geology and Mineral Resources of the Thomaston Quadrangle, Georgia; by 
J. W. Clarke. Georgia Geological Survey Bulletin 59. Atlanta, 1952. 

Schmuck- und edelsteinkundliches Taschenbuch; by K. F. Chudoba and 
kk. J. Giibelin. Bonn, 1953 (Verlag Bonner Universitits-Buchdruckerei 
Gebr. Scheur G.M.B.H.D.M., 19.60). 

Kiva Mural Decorations at Awatovi and Kawaika-a; by Watson Smith. 
Papers of the Peabody Museum of American Archaeology and Ethnol- 
ogy, Harvard University, Vol. 37. Cambridge, Mass., 1952 (Peabody 
Museum, $7.50, paper bound; $10.00, cloth bound). 
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Steadfast 
in purpose 


SPANNING America coast to coast with rails 

was impossible. That opinion was shared by 

almost all experienced engineers of the 1860's 
but Major General Grenville Dodge 

remained steadfast in his determination that the 

Union Pacific would join the Central Pacific 

at Promontory Point as planned. With Dodge in 

charge, the impossible was accomplished and 

the golden spike connecting East with West 

was driven on May 1, 1869 

Determination is important to the purpose of 

geophysical work, too. Through more than 

18 years experience in compiling and interpret- 

ing seismograph data, General's capable crews 

have helped many operators locate conditions 

favorable to find new oil reserves. Let 

us help you 


WHEN YOUR CONTRACT IS WITH GENERAL... 
THE PERCENTAGE IS IN YOUR FAVOR FOR 
SUCCESSFUL EXPLORATION. 


— GEOPHYSICAL COMPANY 
GULF BUILDING © HOUSTON, TEXAS 
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